o>3»3Vn pin 


-imnn roiD - i pia 


1 ...nPNV!> 

2 ....mawn 


P»\ynn ron - 2 pna 

..nPNw 

.niiwji 


Pmmn mvyn - 3 pna 

17.tiPnw 

27. niawn 

PD\yn ‘.w^ivnai nP>a\yn nPN>2i\?ia n>niK - 4 pna 

52. nPN\y 

6 i.nnrøn 


ni*mnni nnn ,ont - 5 pna 

.. 

.mawn 

Povim paun - 6 pna 


81 .nPiw 

84 ..mawn 


74 

77 
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*io> o*n >t>iy>o " 7 pnn 

88 .jvPno 

100. marøn 

mno n>oo)o - 8 pno 

127. mimv 

136.J1UWH 

!?11>p - 9 P“ID 

147..... JTpNO 

..mawn 

a>Pnpi o>*m Po o’nbwa o>i>iy)o ■ 10 pnn 

165. mPMvy 

i7i ...marøji 

>oii)o mo - n p-»D 

.. 

184 nnwn 

>oii)o mon >i»oon ^vvojo t?y ron - 12 pno 

193... 

203.... .JViarøn 

mwo .a.N.n '13 pnn 

..niiwo 

227.maion 

vnib>n cnn nno - 14 p*io 
240 .jtPno 


250 . . 


.jiiawfl 



















ittinn - i jna 

? 6 ’arøNn naoavy -no>n ina .1 
? 12 ’awMn i^pwa dk lien Pw o>jn\?> , on naon n*n> no 
nP\y oaivman naoa mai oanonin naoa mn . 7 X 1S *no>n yiro .2 
?otoh 3 w'\y oanoppNn nauo ma .»Pn\?>i 17 C 1 J5 orø« yiro .3 

naoai oorønan naua ,o’ 3 YTO>un taoo ina . Ag" >avn yi> ym .4 

»DrøKn p\y oartoplmn 
*a>aion>K on 10 X 15 -1 9 X 15 onn .5 
»o'aiou'K on é X 14 -1 6 x 12 onn .6 
? 2 He" iio>n Pw kg '3 inon >no .7 
? U Pw pvnjn P\y (e.c.u. -3) "(yuan ina .8 

? Au* oioNn Pw (e.c.u. " 3 ) ivoon irra .9 

. jgX 38 " ovøKn P\y (e.c.u. -3) ivonn mai (e.m.u. -3) noon >na .10 


?nt tid> nt>K 





n * 12 - 6 - 6 


.lono mn -no’n rp-ronon n^iun >ol? 

:Nin o’ino’iin naoo 


n = 15 - 7 - 8 


.7 NITI D»3W1-1D7I 1300 pl?l 7 K171 ’OIONn naPK>n 

:N’in o'iinvnun nap» 


1.2 


:o» 3 ionan idoq 1 ? nirø onnoplwn nap« w Pno”i orønn on 

e = p = 17 

onnonin napn .o>3iona 47 v> ,nntmnn nlnon ’op ,Ag *nt>P 
o»irøi pp owropinn napn .Ag lw o?aioit>N hop w> >a yrt» u'n 
e = 47 - 2 = 45 :o»3ror>an napn« 

on pm ,o>awi»»N on o'niPNnvy pi? p>p u?k nirø >nrøn t’pwn 

.opiopn h1? 

,o> 3 røi!>N on i!»n pin nirø ’nioNn napnn .p 


.nnt ol?p tipo .2n -i 2p 'pynja o>p>pi?n 4 v» 2 He“ •trø’l? 
m(He) = 4-m p = 4-1.67-10" 27 = 6.68 1 0" M Kg 

92 e.c.u. ih .N.a.' 92 n?n> ipon pm o>irøna 92 vn U !rø yynia 
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.(i e.c.u.) .N.n.> i ipon pb'i <i*nv mn iwno v> Au* -'j 


(38 e.m.u) .k.o.> 38 n>nn pin vyun o»p>pim 38 w TiP’b 
>d)j (2 e.c.u) .N.a.> 2 uyoa pin d’otiv anrwpiw nw \y> rrc»i> 

Ar Kin *mnn n>-mnon niaon 



pPlp plfl - 2 p*1fl 

'h n»*i 

pnnoa o'Nsoi 3 y.C bv> ovmi 4 yC bw -rnnn o»jmpj o’poo »jw .1 

tono’a nan mo .nto nt 40 cm 

o>n*oj (-5) nC bw ovym 5 |u.C 5 v> itwn o»rmp 3 o>iyon > 3 W .2 

:Maom 1 \i.C bw >w>bv ivoo by nan mo .nto nt 1 m pnnoa 
.o'oyoono nnn bao o.s m pnnoa .k 
. onypnno inN bao :l m pnnoa .3 
pnnoa o’KSOi 4 p.C b\y o\yni 5 (iC bvy mnn o”mip 3 ooyoo .3 

.nto nt so cm bv 

bw iyv>o nonb yin on>i»a nanon ipn inwb p>n .k 
» oipoa nNW’ ponnwi 10 yC 
nt mipn mvw poon brnb mi'wn \y> onn .a 
.nt bv itanoo nt 1 m pmoa D'NJfna 10 cm ownvy onm .4 

.3 n.C/m w>a> 33 V!> pooa pom nna ba L ■ 
ranvran pa byion nan mo 

o’h^oi 1 m iyb* -piNw myb* niw wbrøo bvy mip*np iwibwa .s 
jDoyoono "rnK ba vnjnovy nan mo .3 nC bvy omt o>iy\ao 
bvy poo nhoi 60 cm iyb* -piNvy yian bw impripo nvyibvya .6 
:N*om (- 5 ) p.C bvy iy\?o vynn’vy nan mo .s nC 
tyiann tanoa .n 

?ty>ann *npnpa .a 

pnnonvya onma nan 10 nC bvy >bba pooa o'iiyv? omvra >a\y .7 
nna ba b\y lyoon mo .0.05 N ton 2 m Nin 

4 



.8 


?nm 10 A pmna D’N*a:n noPn >p>pPn >:w V 3 ron mo 

O 

(o’:nv»i: >:wi o>3røno >:wo aam» noPk p>pPn) (i A = io' 10 m) 

o 

.0.53 A Pw ovn: 'i»'»n oroNa -ponop a>aon nainoa pnoppN .9 
?1in\?ppNn wmow ’Poonvnn nan ina .h 
»^inoppNn wnnnw mPoanonn n^wnn ’na .3 
? 1 in\?ppKn Pw nnipn mn>nnni mmitn nmnon >nn .: 
nna .nta nt 5 m pnnna o>K^a: 100 kg onoav onrra nw .10 
imjv m>::n riaw na >:wp -rnN -maa n’nynP p-n o>:n\?ppN 

?>Pownn nan ‘>y 

rmp:n 50 cm oaniKvy o>oin >iwa nrøp 100 gr onpaw onna >:w .11 

>avnn ivonn inn .pNp 3° jvnta «na: onnnnn inN Pa .nanrøn 

nna Pa iiy\? law mntn 

Pa .L lanww v>ina m noo nnPn X laniNW om Pvy inn >:wa .12 
q 'lyoon pa nwpn mo .(2.1 nm) q iyom nnyv? Jiionno nrin 
jpnn ia o’VJinnn ~mH Pa noiu na mritP 



'a man 

Pw iP*m in« .q iyv>« n:in a lyp* tiinw yian Pw inipup nyinNi .13 
ppwa >ivia m>nP o'iywan nyanNp onvw yiann tanaa n:vvy •)y\?n 

ro^Pown nima Pw 
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.nfa nf d pnna o’pnnai na’ ip yy o»N*ai ta’ipa onnD naPa 
nnuaa nnai yaN yiP yw q 3 pann .ci’yiap o’ptma q 2 *i q 3 o’iyaan 

.12.2 -iv*) 
;q 2 *i q 3 T>a an’n ma 



2.2 WX 


n'iv yya i’PO ya o’Tiprip napaa o’N*a:i -q 2 ,q 2 ,qj o’iyaa naPa 
paaa ’"ta q 2 P q 2 an’n nvny *['n* na .(2.3 nv*) 120° ya nna 

?na a’rv N)? p’ann ripripa oava <iau 



□”avn vn' 14 nyNaaa yia’nn ’Tipupa o’paan nyanNa o”iai ni'aa 
,nfy nf YiaayNa iniv o’nt o’iyaa ’ia yai p’PPa vn’ o’nnN d»jwi 
nvny o’iyaan nyanNy onv yiann tanaa niv QNa paa n’n> oNn 

nna p ok .o’Paan rnnia ya ypaa ’ivaa 
.nfa nf d pnnaa om*ai q paa Pya o'iyaa ’ia 
tanan jvnpia a pnnaa N*ain m naai -q’ paa yy nan ina .n 

?(2.4 nv*) o’iyaan ’ia 






ny-oro yuvp na <nn o'oo iivoa T\rf? -pasv nri'nnn >nn .a 

ysa* Nin ,nni3»a nnwn q’ ivootti a«d iwtow »rvain/nam ■> 

?mwTin nmn >na .rwiaan nyiiJi 



2.4 TPJf 






:Nin ,-pPip pin Py ,o>iy\?nn y2 røn 


K-Qj-Qj 

R 2 


9 109 -4;10- 6 ; 31 °- 6 = 0.675 N 
(0.4) 2 


2*1 


B 



F 


2.2 


o>Kn:»in niniDn Pvu Pipwn nid A mipia N*o:>n iponn Py røn .n 
nnn »avnn lyuani itiin fmo >P>Pwn lyonn .o>jyo»n 'iwo 

.prøn uniNa nid Pipwnw ,iniN 

9 - 10 9 - 5 - 10 _ 6 -l- 10 _6 9 - 10 9 (- 5 )- 10 -® 1 - 10 -« _ „ 0<: xt 

F A = Qji 0 . 5 2 


pawni npiPn >m\?pn Pip\y) Pipwn kid b mipn lyoan Py røn .1 
Hin a’i,v\?on ’iw □’anu'y røn Pin .(roman Pw omnan tin 


|Fil = l p 2 l = 


9-lQ 9 -5-lQ~ 6 -l-10~ 6 

12 


4.5-10" 2 N 


:nm 


(\^rnnn *pyn int ynoa !m» pn *unQ\y yirøo) 


:Kin tnpv>m 

F = 2^*008(60°) = 2-4.5* 10“ 2 -cos(60°) = 4.5-10" 2 N 
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2.3 


X 


• « • 

£>/xC q 4 /iC 

◄—■—— 0.5 m--► 


.na w'ji’ Nb rmpia o’wiw iy\?a ba .rvva «>n o’vnw ivoan 

:t?on nid nirvon bipw yivan 


EF = 0 

K-5-10~ 6 -q _ K 41Q- 8 q = 0 
X 2 (0.5-X) 2 

5 X 2 :(m»yian nmwo Nb >mt) X -b dkiwd 12 ^ 2 'p 

4 " (0.5-X) 2 

nt>N nma Nbvy n>ainvy na q tik aa*ay { iaaa) vnw k’jcu 

:(o’ae> 

1 12 = ——— 

0.5-X 

X = 0.264 m :Nin iinrvon 


m>n >3 ijioan niaa) iy\?an nio>a* nboan Nin -nna ba by ivaan 2.4 

nnan bvy n\?wa (nuvy 

Q = cr-A = cr-4xR 2 = 3-10- 6 -4jr-(0.1) 2 = 3.8-10“ 7 C 

:Nin ,iibip pin by ,onnan ya nan 

F = = 9-10 9 -(3.810.-_ 7 ) 2 = j 28-10" 2 N 

R 2 l 2 
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2*5 


o^y\?Dnn roman tnpwn nid o>^\^nni)o -rnN to t?y ron 

ronn^n 


F = 2* 


cos(30°) 

a 2 


1.73-K-q 2 = 1.73-9-10 9 *(3*10~ 6 ) 2 = 0.14 N 


t £ 


"x; 



5 flC 


onn .roma nvnbvy *yo> yiinn tan»a usan iyon to .n 
:nm Nin roman nvn^w toi> .ro rin ro 
|Fj = |FJ = |F,| = EdC^lOl^lOZi . _ 1-25 N 

T- - 0 ’ 6 

.yunn yitobK kid wrai 1.25 N niti bipvn ran pb 
:mni3 nvnbvy Pya? yn'in ru?ai Nifaan p\?n by .2 


l F il 


= |p 2 | = K q j = 9-10 9 -(5-10 „f)j = o.625 N 


0.6 2 


j F ^j = 9-10 9 (510 6 )1 = o 312 5 N 

j \/2 - 0.6 j 2 

jiiniDn yirabNb pwnn 2012 >d yirabnn by ninion nN pnaa 

:nt tin m o?b\?2D 

F = 2-F 1 *cos(45°) + F 3 = 2-0.625-cos(45°) + 0.3125 = 1.2 N 

,'lTODbNn 11 V 32 Nin bipwn ran irra 


2.6 
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q x + q 2 = 10-10- 6 C 
K-q 2 q 2 


2 2 


= 0.05 


Qi 


+ 2 - 2 ' 10 ~“ = 10 - 10" 6 


<«1 


Qi 2 _ io- 5 - qi + 2.2-10 -11 = 0 


,q 2 -ii q 1 -i onyonn tin 100:1 
:p;?iin ivoon kid o’iyonn 01:0 

:Min , 1*10 pin ’9 Pi> ,on’3»i nin 
.o’n^i >3 oi niMiwn >no ii5i’p 
: q t DN TT 113 


;on norman >30 


2.7 


q x = 10 5 ± 


IO -10 _ 4-2.2-10” 11 


= 3.3-10 -10 ; 6.6-10 -6 


laoyoon vi ni»on jim f^nnlj 03 -todm >3 nmma >30 v>) 

6.6-10" 6 C ooni 3.310" 6 C niw ooyoon-mn 

cnp’p^nn v 1 nin .iionan ivoo o”nya Min ms^m p>pt>n ivoa 2.8 

F = 9 - 10 «-( 2 - l .( 510-») 2 = 9 2 . 10 -io N ? ln >£) ^ K1n 

( 1010- 10 ) 2 


ron >*t» 'yy tansin ni’on m 'y'yyi ^syoi innon 'ivioppNn .N 

m *t>n»n nin mw (Vt’iP pin) ooyonn 00 y >2 >^oonn 

>o!ji ninim 5ipop nnnn o’tnni im) »tnionoisn ni5 mw Min 

EF = 9 ± 0 ^[l^! 0 li!li = g_ 2 . 1Q -8 N 

(0.53-10 -10 ) 2 

:liov3 own pinn '.o!? ,owa M>n n>boa>->032n nniMnn .1 


a = 


SF = 8.2-1Q- 8 = 9 . l0 j2 _ni 


m 9.110 -31 


sec 2 


a = y± _> v = VaR = [‘M0 |22 -0.53-10 -10 = 2.18 
R ^ 


10 6 


m 

sec 


2.9 
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2.10 


V = 2.18-10« 

R 0.53-10 -10 


4 .I- 10 16 — 

sec 


.7 


r G 


G ' m i m i 6.67-10~ 1:t -100 z 
R 2 R 2 


.-Hin om-ran ya n-naan ns 


_ k-q 2 :N1n ^vran ya »bawnn nan 

F Q = -r^ 


9-l0 9 -q 2 6.67-10 -7 ^Kwnn nab rnw nvnb pn* npaan na 

R 2 ~ ~R2 


mnian >i\yvy N>n na>on .osaoso R >a rowo Nb o*nvran ya pnnon) 

(’Ioind uiiKa R 2 -a o»ibni mw nniN >bya on 

Q 2 = — -' I0 - -> q = 8.6-10-® C :Nin yioon 

9-10® 


:Nin ')VV»3 bw HD 11103 DKH71 O'JVUjpbNn 1300 
n = ^- = A - 6 10~ 9 = 5 jg.jQio 

9 e 1 . 6 - 10 -49 


SF x = 0 


T-sin(3°) = F 
SF y = 0 
T*cos(3°) = mg 


R = 2L*sin(3°) 


••bpvKO ’ihwd Nin onnano ion bD 


tg(30) = _> F = m 8' t g(3°) 


= mg.tg(3°) 

Hxm R pv*nn t\h 


K-q 2 


(2L*sin(3 0 )) 2 


mg*tg(3°) 



:Nin ivod m 


2*11 
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= 1.25-10-7 C 


mg = T-cos(a) 

► 

F = Tsin(a) 

> 

R = X + 2L-sin(a) 



mg 

N 2 rø 3 onrono ton ^ 

F = mg-tg(ci) -> = mgtg(a) 

nvxno Ni«33 R ovnn tik 


:nid tyonm 


• [X + 2L-sin(æ)] 2 


2.12 



f x q q 

:n>m nn 5yio ooinon D'jyoon tn .tinnnn tv^nn tonw 
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:n»rvr ro kid pinnn ivoan 



:Nin q’ nannn ivonn id na>\yDn na 



:nr Jim m o'buaa ninon 


:Nin d'jvddd ya nwpn 


sf = o :D3 n;) niw q 3 lyonn ninon !?ip\u 2.1 n. 


^•Ql'Q 3 _ q 

(2d) 2 d 2 



Il -*2 


.•>y>a*tn up tipi q ivoa o>i!n 
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:on q ijioon toidw nmion 
: -q., t>vj iiVDi nirvon nN p-103 


r K ‘ qq i K _ Kqq * 

F, = —-?— F, - —Ti 


SF = 0 

F 2 = 2Fj-cos(60°) 

Kq ~ = 2K 2 q - cos(60°) 
a 2 a 2 

q 2 « 2q 1 *cos(60°) 

,(nt m nt oPoaa q x bw onyoon >ivy bvy nitvon -pwnn iivsa) 

:Nin Q’iyOOTI I'o wvn 

^ = 2-cos(60°) = 1 
Qi 



□>ioa 3 W bv bpvo >iv\yb orob ho omvk yiioo ,no pi?« P n ’ N b 
D>3yonb bpwa >iwb onib m >nri , o>ioo iyoo D’Pon bw 
,pn> Kb nn iion pw oy poo pt* ponn iQ’un oy 


j F j = | Fj[ | = K ^g' :nnt i,ro2 ninw *jv> bw bipwn nid ron .n 
SF = 2 '^, q ' fl - -cos(a) 

xv z 

nviin ^ R pmnn nn 



nv*n va tin 

cos(a) = |r 


2.16 


2.17 
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2Kqq'a 


SF = 


>Di:o Nin non yvo 
nn 1 ?d Min 11110 o ro rmni? in:>> imsavy røn .n 

nmnt?> kid mi namnan jirvrrøn n>nn lyotøiw nid -jnirø 

.nOiyo nyiinn 

EF = SXi „a Kin m>pn pvn 

R 



2 K-q-q r ’a _. mv 2 
R 3 a 


V 2 = 2 Kq -q '-a 
mR 3 


2 Kq-q'a 2 

R 3 m 


2 Kqq'a 



:X O oioniDTion nnnE ro kid røn *i\yio n>;i n^ioin nyiin .1 
EF = - 2K^g^a = _ k 

fd r 

2 ^ 

t:nnn p mw jin a>mn nwrov yivon niti (-) -n p>t? 

.*p>rfci nlmaw kid røn 

k = IJ rKqq' ;N171 k yinpn 

d 3 


1>n w wn'iwn nnnnn ya bmn -røpnn N*m nnnnn dn 
SF = ma = -kx :k ™»mTin nyujin ynp 

SF = -w 2 x 


W 2 


k 


-> 


f 


w_ _ J_ _ k = 1 

2 % 2 ?r m 2ic 

\ 


16 Kqq' 

d 3 m 


m 



n - 3 ; 


’h 

?3 |xC bw »irnpi iy\?na 2 m pmoa ’bKwnn rrnyn ino .k .1 

mipia rmw 2 y.C bw iy\?B vynaw nan ino .a 

0.5310" 10 m pmiaa aairwon ynopbK vmnxw 'bnvynn rvtwn ino .2 

’iwnon p 

,ro’a» mvai 100 N/C inosiyw i>nn ’bawn m« \y> o>wn mt’Na .3 
:bw iyoa mipia waw (ymai brw) nan vnn 

.3 \lC .K 

-2 nC .3 

ino .(3.1 -ivk) nra nt 1 m pmoa d’khot 5 nC bw o'iyua ->w .4 

:>bmmn mwn 

ro’iyoan >wn 0.5 m b\y mw pmna nKiinin A rnnpia .n 

1 m pnmaai o'iyoan tik aanon ipn by jikhoid B mipia .3 

»ona *rnK )3 

?o’iy\?Qn >w» 1 m bw mw pmai riKiiiain C rvnpia .1 
nnK baa mw -2 nC 5 v vmw (rival bn» nan nna .*r 



3.1 av* 
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.nm ru 0.4 m b\y pm »2 -4 p,C bw 'jvodi 3 *iC b\y .s 

:(yn>2i b*m) >b£vmn rm>n ina .n 
?Q^V v?) 3 n > 3 vm 0.2 m pmoa nKsn:n rmpn .1 
1 m jinseiti D>iyonn y>i nnnnn ipn by rmpn .2 
?>b>bvyn 'wvnn i« 1.4 m n > 2 i>mn 'jyoan ^ 

?o> 3 y\pnn >mi 0.5 m msEin rmpn .3 

b22 2si>\y pom by bys>vy (pirn bri» ron ina .2 

’nmpinn nriN 

?onp>)onD iriK b22 ponon tisinti n>nn na .> 

.2 jLiC b\y o> 3 yoE o>n*b:i 0.5 m lybsw ynn b\y impTipæ nY>b\>a .6 

:>bD\ynn mwn inn 

?V 12 > 27 ) 02*32 .N 

?ynnn bvy >y>2rn iiprip2 .2 

2>s by uee a m prrun mv^n .s io -9 C b\y iv^n n31*3 on>^ n>\i>K22 .7 

omnn 3 io _ 9 Cb\y *)y\ 3 Q opmn p>n .X -n 2>* pi>22 30 N/C niti X -ri 

?nt mvyb 

rmp 32 i ls io ' 9 C bvu )y\>i2 mi *3 (Y = 2 m ; X = 0) nnpn .8 

bna) >bm>nn rrrvyn ino .-1510 9 c b\y iy\ 3)3 roio (Y = o ; X = 2 m) 

:nmpn (*)V)>2i 
? Y = o X = o .N 

? Y = 1 m X=lm .2 

? Y = 0 X =-2 m .} 

b\y iv^q im><m pyow >21 vvh b>ri *3 2 m pm >32 rrrvyn inn .9 

?i \iC/m 

o> 3 iyv? on> 3 iy .nt *3 nf 2 m pmxn o>N 2 si *33 o>b> 2 p& o»21pi>n o>b»n 2 .10 

. 3 io ~ 9 C/m b\y rmm )yv)2 mo>D *2 
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:pmna »bawnn mwn inn n 
, o’b”nn >)rø i m .1 

.o’b”nn >3wn 2 m .2 

inrnpjno nnN baa nxkw ynopbK wnrow ron no o 
■)ivv> tiwn .nro nu m pmna o'Nsm o»b’apa o’>airo’N o*b”n >iv .u 
i>\y m»nN ivv>n nia>a *3 >røni s ier’ C/m bw m»nN ivuo nia'ana 

. -510" 9 C/m 
:pmoa ’bnwnn nwn inn .n 
, o’b”nn 'JWB 0.5 m .1 

,o’b”nn n\yn i m .2 

»mipj baa anv\y ynopbN wnn’vy Cpvai biu) ron inn .3 
rampnnn -rnN baa ynopbNn romn ronn nn .1 
iyoa nia'ana yyun 'avoi'N nibn 2 m pnnna mwn inn .n .12 

16 nC/m 2 bv> ronnN 

?nnpia roi'w 5 n-C b\y lyon «rorov> nan inn .a 
m>nK iyon nia’'m omyon o”airo»N ronib >i\y ya rom ynv>pbM .13 
1>a nron inn .-10' 9 C/m 2 n 10" 9 C/m 2 b\y ron>t>a rowi nbma niwn 

nbpwnb ynvapbNn vronnv ’bnvnn nan 
>aitn>M nibn 2 m "a nminn -nnrøn 2 gr bw mani 5 nC bw yynn .14 

. -3 io ' 9 C/m 2 bw iynn niamsa yyniy 
’iyonn n^wri >nn .n 

miba y>a’ im nna -pn .a 

?nynan yjna inironn ronn nn a 

nwasa yy\? y>byn .nro ro 1 cm pmna o>N*ni D»airo'N mnib >i\y .15 
ynopbN . -3'io~ 9 C/m 2 bw iyon nia>asa 'iwni 5 io -9 C/m 2 bw y>\an 

.’b’bwn nibn in mniwn 
minibn ya mwn nnmy ’nn .k 
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?> 3 vnn nibn bK inopbKn y>>> im noa Tin .3 
nny>jo ym inopbHn nimno >nn .5 
nwa Niian i m iotikw oina >ibn z gC uyooi o.s gr moow nno .16 
.( 3.2 m>irt nibn 1110 b io° nnm vnoi omn .>£>ipi>k mb bo >bnonn 



?> 3 ipj>Kn nibn byo iyoon nia^a* >nn 

3 gC bo lyooa pyoi 1 m miKO omn mop 100 gr mooo im .17 

.(3.3 11>2f) 

nio>o*2 pyon >aioi>K mb *r» by oov -man ok omn vna> milt it’Ka 

»s gC/m 2 bo iyon 



-pnK lawa nnaon 5 gC bo iyoaa iiyo 0.5 m ipvno pbia Kb *vno .18 

.imna 

:prnca ’boonn mm ino 
nrran tanoo 0.2 m .1 
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nnsn tsnan i m 


.2 


by -rnn iows nnoon s nC bw ^isaa iiyv o.s m lomnw -pbia nns .19 

.vis 

:pmni »bawnn n-røn mo .n 
nnsn tsnon 0.2 m .1 
nnsn tsnna 1 m .2 

nnsn rsnon 1 m Nsain is nC b v iyoa by byorø nsn mo .s 
iy\3)3 nPK .q -|y\s» a lybirø yisn bw omaon imp-npa o”:iws .20 
tsnns »bnwnn rrrønvy ns o’iyvon >røo npninnn ybsn tsnaa orøb 

»fDNb mrø n’n’ yiann 

,q >rmpi iyonn -wa bm pnnm kkoi o uyaa nionirø >diovk mb .21 
nn?o .(nibn by y>owa ivm q iyv?an\y 73 bm pnnan) .o’nvn on’rø 
»t>DNb nvivu ''bavynn nwn n>n> q lyoan 10 pnna 
.1 |iC/m 2 iniD'Dsv ly^aa yiya 0.6 m ioinn\y -pbia nns .22 
nnsn tsnan 1 m pnnas n-røn ma .n 

2 m pnnoa N*a’ vsnaw nnt >svy nns wnrø nsn inn .s 

»yivwnn nnsn isnnn 

1000 N/C inasnyv 'bavn mw nyun Nbb <innn 50 gr inoaw nns .23 

.nnn >Dbs invsi 
nnsn byw iyonn mns >nn n 
?o''iv >d buln n-røn nnaiy dk nnsn nnwn n>nn nn .3 

'a n»i 

ibw lyaanv «ii:> by byiD nva' 200 N/C inamyv unN 'bavn nro .24 

bv n^wn ib nnb ns <iiin by b'yanb -pn* ns nvN .10 gr mom 5 y.C 

mbNav 5 m/sec 2 
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wvrro ’aico’K b>bJ >"v nsiyy »bownn n-røn m» vyap ,vw> pin mtya .25 
:nvwa .bVwn mon r pnnna , p m>nN iyv?n nwa:« , |iy\?ni R 

r < R .k 
r>R .a 

ioin*rø >ait?i>K 'r>'rx >”y nsun >bnv>nn n-røn inn vyap pikj pin mtya .26 
R 2 >n>ian novrrø na’bp >"y <ii\?yi, p n*pnK iyon nia’am pyon R 2 
*iv*n nmi na'bpni b'bin bw ann inn .- p ™yon nia’asn R 3 ’iia>nm 

.3.4 

:*røK3 
r < Rj .N 

R 2 < r < R 2 .a 

R 2 < r < R 3 .) 

R 3 < r .T 

3.4 n >3 

-pbin Kb im >”y nann »bnwin rrrwn inn vyap qini pin mtya .27 
n>*ma navjyn >”y f iioyni , p n-nnn iyoa nia’am pynn R 2 ipimw 
.(3.5 nvs) o iyon niD’o^a nnyoni R 2 noimw na’bin 



3.5 11*3 
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D >Nsni ,’P’Pua nnm ovn iyuna yiyo annn ,o’OiunN nimP 'ovu .28 
ynoplw .1000 N/C P\y r-nn ’Pnun mu on’ioi ,nra ni i cm pmna 
.infn mira novnn nPaon in iivmai n’P’Pvn nPaon in rinwn 
!7i( t>y nf nay> novnn nPaun in pmn nt’Na .k 
mn»n nPaoP onyan Pw onntn un> inn .a 
moMn nPaua iyia> ina\y nvrvnnn un’ inn > 

?nn»n nPaua nynan nya nvunpn nimiNn un’ inn .1 
ipoun mu Pv piop -pan 1110a 410 3 m/sec nrvnna uoi liuna .29 
»liunan nsy’ int nna yin .10 4 N/C innsiyu 
mnsiyv -pnN >Pn\yn mup ymna 10 6 m/sec Pv nrvnna uoi liuna .30 

. 510 3 N/C 

nnyun tny PiPunn mis >nn .k 
i io ' 4 sec nnNp (11101 P*m) liunan nin’nn >nn .1 

10 cm otpnnvy nnnp mpnn mynn inon yiunan nnu nna .1 

»oipnn 11103 

*r>nN »Pnun n*nyp 37 ° mntai 4-10* m/sec nmnna om inuppN .31 

.(3.6 nvs) 510 3 N/C wnsiyu 



3.6 -ms 

rpnuppNn Ou PiPunn mis >nn .n 
»inupPNn wmnu (11101 Pin) nswnn »nn .a 
»g aaian nswnp it nswn 10 un’n nn .1 
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•*T 


mm nnn naup inoppNn iun> int nn 2 iin 
?nt iota ynoppNn -liay’vn »painn pmnn mn .n 
mipn . 4 io ~ 9 C P\y iy\?n min (Y=i m ; X=i m) rmpji .32 

lyon min (Y=o ; x=oi mipmi ,6 io -9 c Pw pnn min (Y=o ; X =2 mi 
.n 2 p 2 X -n 11102 Nin (Y =2 m ; X=o) rmpi 2 mvn .>mp\y 
?(Y=o ; X=o) mipn minn iyonn inn n 
j(Y =2 in ; X=o) rmpi 2 mwn nnmy >nn .2 

’> ntti 

lyon vi» wPnynn mptipn d>iw 2 .a iypy TiiNvy niypy mrø \ypiwn iim .33 
’Pnvmn nwnvy >*td q mn^iyvy >wOw iyon opnp v> p>n .q >Pnv>n 

moN mn> vPwnn P\y ’vy’Pvn iipnp 2 

w> mmPn 10 . 0.5 cm anno pmnm 3 cm osniNvy nimP >i\y cmim .34 
m/sec nimnnn oæ inoppN .( 3.7 *tv:0 100 N/C P\y vnN »Pnvyn ntw 
pwnn nid mmPn in innpPNn jinh -idnP .mmPn i >2 t 2 in 2 410 6 

.Tonn iTiyno ny 1 m Pw ’pow pmn 



3.7 -iva 


’xnniPn in itino’ vn:i inuppun P\y tiointi nmvn ’nn .n 
»jiiniPn in iuno’ ya-12 (pioi P*m) innppNn nivnn >nn .2 
»niniPn in ijins >inM nynn h>ni mmPn pn y^n> nynn 310 dpn .3 




(in'it mg ibpva) 

noan yio' ninibb ino'ia rmpia H oin pnna nt'Na .1 
.0.8 nol i m oniNvy pina 'ibn - 0.04 gC iiyaai 5 gr uipow wa .35 
-1 gC/m 2 bv iyvaa nwa^ bya 'dipi'n nib bya 'ibn man 



3.8 TlO 


?nni:aa man nwio oina mn'nan ’na .n 
? ym'\y nyunn nm-rn 'na .atyn iiNn ia 3° -a utno man .3 
'dipj’n b'na 0.6 m pnnaa N*a: - 0.04 gC uyoai 100 gr inuavy nm .36 

.1 gC/m uyaa nio'aiivy 
n'b>ya nyara yii>w »id mab nnb -pm (11101 bm) nmna ipn .k 

’b'nb 3 ’ 3 aa 

»aia'on mmn n»nn na .3 

:nnan o'iyoan nanyoa -min ’bavynn mon ina >/yap pini pin rruya .37 
<iwym nnn* iyaa mo’oaa Q lyuoa pyun R t itn’-nw i'bio Nb ma 
-Q iy\?aa nnyoni R 3 'irnnni R 2 'a'ion npi'fw na'bia Nb no’bpa 

.(3.9 mo) nmN iyaa nis'aaa 

r < Rj .N nwKD 

Rj < r < R 2 a 

R 2 < r < Rj .1 

R 3 < r .'T 
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3.9 DVS 

3.9 tvsdvj o^yoon Jimvm Dsrrø mm jik vynp tnNi pin nntyi .38 

.ro>ino nooyo N>n nsoyEn DvyNo 
r < R a .n nvyND 

R a < r < R 2 .1 
R 2 < r < R 3 .> 

R 3 < r .D 

>t?a\yn mvyn o>nsoi q 2 -i q x iyv>m o>nyoi so gr onpm> onvro >3\y .39 

i m oddinw o>\?in >:i\ia omwp onvtDn .io 5 N/C inosiyw *r>nN 
.-pN!? ;lo° n>nu o>vyno onmnn >ivy .nonivyn rmpio 
q 1 = 5 jxC :ok q 2 <|yoon nioD >no 

.(3.io dvs) q iy\oo vy> a ny^s -piN\y nnp rvnpupo nynDNn .40 
jrvupn oddd ^ovynn rrrwn )nn .n 

?A rmpn ^nvynn mwn inn .n 

nmwnn nmnvyn *ts>d .i 

nymND on »a -i »n 
o\yv o>pnn omp-npn 
?-q iyoo 

3.10 DVS 

N>n vby ’iy^wn >oip^n mbn i m pmai ns> 33 ^nopbN 4i 

■pvoni? bia> invppimnw id Din mPn ny>asn mipin. 2io -6 C/m 2 
.nmiDtt Dnni\ur> iid\?p^nd .ni!?n yw ■own i*p:s !pn yr3i? 

??iyiinn 'iw mtnBn yot in» .n 

iiviionn nyi:n >nv ond .d 
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:>n*np3 'ivoo nwn .k 3»i 

E _ La = 9J0?^ICtl = 6 750 £ 

R 2 2* C 

Cjyou m>n’ iJV 5yiow nsn HinvO >!?nwnn mvn ni>os» Hin nsn .2 

:mipis nniiaw ivoon mass 
F = E-q' = 6750-2-10 -6 = 0.0135 N 


’inswn iv\?o Ss 5y 5yio n>m) invjpbnn by byiov >bnvynn m»n 
mw ins Kinw iicnnan b\y ’bovnn mwn Nin tit mipis hudi n>nv; 

:>rmpi n>\?a bw >bavm 


E = Ikfl = 9-10 9 -1.6-10~ 19 
R 2 (0.53-10 -1 ®) 2 


5.13-10 11 g 


3.2 


3*3 

F = E-q' = 100-3-10-® = 310-* N 

nbavynn mvn livs) yw pi’ss 3i<r 4 N *svy ns 

F = E-q' = 100-(-2-10 _a ) = -2-10 -4 N ‘ a 

(’bovnn m\yn iivsb -pan) bnov yivss 2 io -4 N b\y ns 

•pi'sn nf m nt bosn o'iyonn ’ivy bv> ’bnonn mon A mipis .k 3.* 
E a _ o .nnt pmnni o>nt o>iyonnvy 

:ni’Q’ Hin o>iyonn >iv> bo ’bnonn mon livs B mipis .s 

Eb - g? + ^ = 9-10 9 -5-10-«-[:i + j] = 5.6-10* g 

.niw Nin inp^n >!?nvynn nwn 


.niopn Nin YD>nn C rmpn .3 
: nnt Nin o^yoæn« *thn ion >i?n\ynn nivyn l?n> 
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|E,I-|E,|- 


4.5-10 4 


N 

C 



:pb Min bipvyn ’bm.'nn niwn 


E C = 2-E 1 -cos(30°) = 2-4.5-10 -4 -cos(30°) = 7.8-10 4 £ 
.nbyab nid bipwn ’bKrønn mwn ino 
mvyn )ii>Db -pan )ivaa nid ’b’bw )y\30 by byiaw non .-r 

:>boiynn 

.»barn na yM m »bn\yn mrw i>m A nnpia 


Fa - E A -(-2-10-6) = o 

.nbNQw iivoa Min nan B mipia 
F B = E B -(-2-10-6) = 5.5-10 4 -(-2-10-6) = -0.112 N 
.noa )rpaa Min nan C nnpia 
F c = E c -(-2-10-6) = 7.8-10 4 -(-2-10-6) = 0.156 N 


mrø pniaa nMsoin A mipia bipwn >ba\ynn nwn .m 3.s 
nt\yn )iv>avy )iva» nnwn oiao Min opyoan >i\ya 
.m>a> Nin opyoon >iw bbsa 


Ea 


K ' q i , K q 2 0 IQO [ 3-10-6 4-10-6 " 

R x 2 R 2 2 [ 0.2 2 0.2 2 


1.575-10® 


N 

C 


b\y jmwn man Min bipiyn >bawnn rnv/n B mipia .a 
nbMnw Min >ai>nn )y\y«n bw mwnw )ivao o’iyiann 


e b = 


K-Qj 

Ri 2 


K-q, 

R * 2 


iraw kid ivv^QD bvn 


910 3 * 


3*1Q~« 

l 2 


4-lQ-s 

1.4* 


8.63-10 3 


N 

C 
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E C = Je x 2 + E Y 2 - 1.06-10 5 g 

tg(a) = = 0.327 —> « = 18«7' 

E X 

.X -n -psP 5yn 18°7' Nin »Pnwnn mwn yiv>3 
.uypna ’bnwnn mvn nyosn Nin iwnon w>:nQ\y non .3 
kid iwnsn >3) '5awnn dtoh iii>33 niti nsn Fro 

.(ovn lyoa t>y3 

f A = e A Qp = 1-575 10M.6-10” 19 = 2.52-10" 13 N 

F b = E b q p = 8.63-10M.6-10” 19 = 1.38-10” 15 N 

F c = E c -q p = 7.92-10 s -1.6-10” 19 = 1.267-10” 14 N 

nirvon >ip\y N>n >jvnn pinn o Py ,nmNnn .3 


a A 

II 

fe 1 
II 

2.52-10” 13 

= 1.5-10 14 

:DOD3 pPma 

m 

1.67-10 -27 


sec 2 

a B 

f 6 _ 

1.38-10” 15 

= 8.26-10 11 

m 

m 

1.67-10" 27 


sec 2 
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ZlU zlo 



_ g _ 1.267-10 __ y 59*1 o 12 ^ 


m 


1.67-10" 27 

q 


sec* 

q 


1 


2 


A 


B 


_3 


’ivoo > M y tn« (A rvnpT) yunn oiqi >bo\ynn rrTwn .n 
.nt tik ru onnKn o»:\yn\y wde (2) thk 

J^g_ 


E A = E(q 2 ) = 


(¥ ■*} 


bipvyn Knn (B rrnpj) >y>ann np*npn mwn .n 

:nnwn n\yV?\y P\y 


3.6 


9-10 9 -2-10~ 6 _ 1 44 , 1Q5 N 
0.125 C 


E B = 2-E(q 1 )-cos(45°) + E(q 2 ) = -cos(45°) + - Kc » 

|0.5-\/2|* 


= 1.38-105 ^ 


.(45°) IICO^ND 11103 N1H Ilion 


(X *n io) ilion iimn nid inpvyn »bnwnn nwn\y ilion 
301 n>n ninK) x -n no 5y ni>n5 3»n >iwn ivunn di 

.(Y -n no 1110a mw!? 


3.7 


i m 


►*— x 


15-10-9 C 
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>wn poon pbi 45 N/C Nin iWNin ponn b\y mwn 

.mip^n P\y >røn nT>na n>n> 
^ K-5-10- 9 K-310-9 _ , 0 N 

E = —ri-xr - ‘ 30 c 

K-3-1Q-9 _ ,g _> x = 1.34 m 

X* 


1 + 1.34 = 2.34 m 


:pb Kin rwKnno pman 


C Ai 


Kin bipwn tny iivon .nnt nn\yn ’ivy btu A mipin .k 

.X -n n’s nnnn 45° pb 
E A _ 2-9-10M510- , cos (45*) „ g 

obnm o*iw ,ip inw by on jmwn >i\y B mipin .:i 


^ 2-9-109-15-10-9 _ N 

e b - —7-^— = 135 c 


:onr>oni 


t\h bo Dtip Ni(»i .nnv nomo Kin nn>nn C mipin .1 
E = 9-10 9 -15-10~9 = 8 4375 M. : nniynK> *mK bo bm 


9 J09-1510: i = 16 875 K 

2 O V' 

E x = E 1 - E 2 -cos( 45 °) = -3.495 ^ 


kudu o>n>oib pooi 
:n’on bon bipwn tik 


E y = E 2 sin(45°) =11.93 


:im>oi bipwn niopnn tik ksoi 


E 

E = |E X 2 + E y 2 = 12.43 ^ tgCo:) = = -3.41 or = -73°40' 
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»> ®US! 


E - 


2-K»A 

r 


:Kin oiwk !?>n Onwnn nwn 3.9 


E - 


2-910M0- 6 = 9<1Q 3 


N 

C 


:pin 


2 


.nlpyn^n vom oO^nn tonm U k 
U) !r>nn Pnvmn nwn A rmpn 
iPK V1PP Ilion) t?KDP 11102 Kin 
oi>n ponn ipo t?>nm ,ovn ppn 
in Pnwnn mvyni ,(ponn tik nnn pin 
m opnnnnp ilion /pn> 11102 Kin (2) boin 

1 

nrtwn Pm*> onw ppnn nviDO^n 


e a =0 


.ntb nt 

:niw nvTwn >a\y biu (2 


2-9-1Q9.3.10 -9 _ N 

2 Z/ C 


V 


|EJ = |EJ - ^ 

pmna nid jTnwnn idn bo bw yivoD 
:iniN Di(>\y b’DD i« 


E. s 


B.-a A nvnpan dn Danan d'kd by nid bip\yD 


E = 2E 1 -sin(a) 


:jvtod tin awna 

cos(a) = ~ ~> a - 60° 

:N1D bipWD D-rvyD pbl 
E b = 2-27-sin(60°) = 46.76 ~ 


:Kin HDn .2 

f A = e A = 0 

F b = E b -q e = 46.76-(-1.6)*!0" 19 = 7.48*10“ 18 N 


3*1© 
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nia*oi! ->o von u'h A mipn >i?aonn mon oyan .k 


3.11 


„ 2 - 9 - 10 9 - 5 - 10~ 9 _ 

E iA = -o! 

E a = 180 + 180 = 360 



.• - |Q'>On ITlIfO ni>H lyiDDn 
_ _ 2 - 9 - 10 9 -(- 5 V 10~ 9 

E *A - " o .5 


N 

C 


-180 


N 

C 


onan ih) o>o^nvjn o' 3 -iyn dido niti inpon mon 
.nynno Hin iiVDni (oasy rmon 
E 1 _ 2-9 io 9 -5-io 9 _ 90 ; on jmon ’io B mipn .2 


_ 2-910 9 (-5)-10- 9 _ _ 90 N 
h 2 ~ 1 ^ C 

P 32 Pipon jih KKDii o'D’ony nnon>3 mn 'ro pnai 

:3>D1 

E X = |E 2 |-cos(a) + |Ej-cos(o) - (lE 1 | + |E 2 |)-cos(60°) - 90 g 

% 

E Y = |E 2 |-sin(a) - lEj-smC«) = (jE.l - |E 2 |)-sin(60 9 ) = 0 

:Hin Pipon »yaonn mon 

E b = Je x 2 + Ey 2 = V90 2 + 0 2 = 90 ^ 

.n^KQo Hin ilion 


Oaonn mon inoy -pan ilion nD vy ’ s '''’ ivopynn .a 

.mipia 

:nnw Kin wor> A mipn 
F a = E a q e = 360“(-1.6-10 -19 ) = -5.76-10" 17 N 

:nw> kid pvon B mipn 
Fg = Eg *Qø = 90"(-1 „6*10“ 19 ) — -1.44*10 17 N 

:N>n nmNn .> 


a A 


= gA 5 . 76 - 10 1 ^ ,, 633 . 


10 13 


9.M0" 31 

1.44* 10“ 17 
9.1-10- 31 


urt 

sec 2 


- -1.58-10 1 ® 


m 

sec 2 
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:nv> >£>h?^n mi? i?vy >i?m>nn rrrvyn .h 


3*12 


e = - 2 - = —<L 10 _!— = 3 . 4 .io 5 ^ 

2e„ 2-8.85-10 -12 c 

0 :Min ron .2 

F = E-q = 3.4*10 5 *5*10“ 6 == 1.7 N 


:(obm» -pya) ni n in\?pi?Nn i?v iwsn pQ\ynn ron 

f E = E-q e = — -q e -—-1.6-10“ 19 == 1.8-10 -17 N 

e « 8.85-10 -12 

:Nin in\?p5Nn ^pwnn) m’aan na 

F G = m e g = 9.1-10 -31 -9.8 = 8.9-10' 30 N 

f E 1.8-10 -17 „ :»on on>3>a un>n 

F G 8.910 -30 


:Nin ponn !?v !?yon Pfcwnn n:?n .n 

F = E-q = — -q = — 310 ~ 9 -5-10-« = 8.47-10-* N 

2-e„ 2-8.85-10 -12 

(nPn mmn mnnvy pn nmN (-) ~n 

a = H = S.4710’ 4 _ Q 42 _m :NV1 mnNJin 

m 2 * 10~ 3 sec 2 

rmvy nyunn yu> lyo^n i>hn Pnwnn mvynvy pi?:)« .a 
X = v 0 -t + \ -at 2 :mmn 



2-2 

0.42 


= 3.07 sec 


:hon 


:pb N>n nn>n»n a 

V = v n + a-t = 0 + 0.42*3.07 = 1.3 -- 
0 sec 


> 3 viq n*m> nrmn oot> Nin mmi?n pa Pmmn niv?n *n 


3*13 


3*14 


3*13 


:mnPn 



£ _ + 

2e 0 + 2e 0 


-L (510-® + 3-10-9) = 452 ^ 

2e o ^ 


:niti 'irropbNn by byo'w ron pb 

|F| = E-|q e | = 452-1.6-10 -19 = 7.23-10- 17 N 

:wn inupbNb rpnnw rtmnn 
a-^- 7,23:10^1 b7 _ 9S . 1()1I m 


m 9.1-10” 31 
1 


sec 2 


X = Y(i t + | at 2 :nvi ,7isinji mw ri yvm jmngi a« ,imn 


(v 0 = 0) t = 


2X 

a 


2 - 0.01 


= 1.59-10 -8 sec 


1 7.95-10 13 

:rmNn rm\y nyun rnknrmn nsxu jm>nan n* o> 

V = v 0 + at = 0 + 7.95-10 ls -l,59 10~ 8 = 1.26-10 6 — 

sec 


110 ’/ 

Hf’ 

T mg 


:nid “msn by nirvon o'\yui 


D>yti> 13 ton mbn bN tvni Mini >ii>n poarw iiioo 
,P>b\y nvnb mbn byvy poanvy 
:ODNb mrø nmon bipvy 
SFy = 0 

mg - T-cos(10°) = 0 
mg = T-cos(10°) 


EF X = 0 

E-q-Tsm(10°) = 0 
E-q = T-sin(10 m ) 




mg 


= tg(10°) 


:bapt ntowoa rwiwo npibna 


tt- -q = mg-tg(10°) 


mg-tg(10°)-2£ o 


= 7.646-10-9 -£r 


3.16 
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nwsa m >b^bw K^n mbn by iyonn\y wmvy pvon 

-7.646-10-8 ;K ’ n 

m 2 



F £ = E-q = -~- -q = 


:>bE\ynn m^na ran m nb^nro nvyra 
5-10" 6 3*10"' 6 


= 0.85 N 


'“o 2-8.85-10 -12 

mw i>di bsa mrran bipw .oravonb mrran nn pra: 

:ODKb 


SF X = 0 

Fg *cos(45°) “ T'cos(a) = 0 
0.85*cos(45°) = T-cos(a) 


3*17 


EFy = 0 

T-sin(a) + Fg •sin(45°) - mg = 0 
T-sin(a) = 0,38 

:bip:) :mniwD rspYbna 
tg(a) - 0.63 > <* = 32°21' 

p = 90° - 32 0 2T « 57°69' 
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■vn:> naoya nnim »avm mawa nn'i mm pin 'at? 
m»n namy nn yaipn lyiaan .20 cm b\s> rnnii 
vj') ,'D'ian ovnn Tina Kanin lyonn Kin 'bawnn 
(T'biD Nb Kin >a -man Tina D'iyoa 
:N'n -man Tina -lyoan nia'as 


= £- = 


•jrR 3 


5-10 6 = 9.55-10 -6 -% 

m 3 


•7T-0.5 3 


:kid wion p 7 nn iini lyoæn 


q' = p-V' - 9 . 55 - 10 -6 - j -jt-R ' 3 = 3 . 2 - 10" 7 ^ 


.K 


:’mip 3 iy\?n bu 'bnwnn nwn mn 'bawnn mon 

Kq' 910 9 -3.210" 7 _ n i.mi N 
R'* " 02 ^ ' C 

'mipi ivoo bw 'bnwnn mvyn ina Kin mon nnab Tina .a 


ip _ Ika. _ 9 -io 9 - 5 -io~ 6 
£ - R* l 2 


:*man ianaa oinan 

4 . 5 - 10 4 


3.18 


.pon 5 mrø 71312 rm*n CD .k 

>rmp3 ujd nid n to!? > 5 )ownn rs*rwn (2) 

nrTDn onDi onon 
E - - iLLOlilO-. 4.5,0- s 


pnan Tina oan n’n' is-ict 6 C bw iyoa by bya’o nan .a 
F - E q - 4.5*10M5*10” 6 - 0.675 N 


3.19 


Q é 



3.20 
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:Nrn q o>}y<c»3n nNSirø ynnn ra-uan rvrøn 

E = 2-Ej *cos(45°) = -cos(45°) = - 

V2 


2.83-K-q _ K g' 
= (!> 


2.83-q 4-q' 


!?n nid ’^ownn rrrøn yno 
'bawnn tvtwtto >*ra .q’ ivoon 
n:mrt rnvun m 5vy> nt iyon bvy 


q = 


3 - 


2.83 


-> q' = 0.707 q 


q 


3*21 


i 2 P\y >!?n\ynn ni\yb mw >rmpjn iy\?an *)Q >bnwnn m\yn 


g K-q 

2-€ X2 

^ t 0 


:mbn 


X 2 = 


K-q-2c 0 i -q’2e 0 ^ q 
u A%e n o 2 va 


X = 


2ttg 


nip b\y rrrvyn nton L pm«n n>ton nKinnn) 

{vviK rmy nvi 


qy^^n m»D dk ni?>rm nv^nD .k 
q = a-S = (7*4 ttR 2 - 10" 6 *4^0.6 2 = 4.52 10" 6 C 

:>rmp3 iy\?£) iw mvyn kid tonwnn mwn 

E=s 9;10»-4,52-10-« _ 4 07 „ 104 N 

R 2 l 2 ” 4 U/1U c 


3*22 
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npoao »aP in) )Vjnp pin >aP ;>wn -man Py Pya>\y nan .3 

:Nin ,(ivv:>a3 »Pawn m\y 
v _ K^l* - 9-10M4.52-10-«)« _ 0 046 N 

ppvjon Pyia nv>o >aPa .uonP nirø -man Py mnion Pipw .n 
mwn .iPoaP >13 nPyo >aPa Pyia »Pnvnn nanv ni3 pPi 
ymaa pyia ’Pownn nanv yndoi noia >aPa nid ’Pawnn 
,>PPv> punnvy N>n mwmn nipooni 'Povmn nwP *pan 
E-|q| = mg np-m m vway nsbj 

1000-|q| = 0.05-9.8 
|q| = 4.9-10 -4 C 

:>P’Pv pvanv pvaoi 

q = -4.9-10-* C 

nPyo >aPa nan om\!> >a Pian >pnwnn mv>n namy dn .3 
: pp n>n> Pipvn nan .2mg -p mwn na mn 2 Eq n>n> 
2-mg - mg = mg 

.nPyo >aPa g P\y nmn n>nn nvraPi 

na DN33 <i»n Py ninian O’wnn 
F^_ Eq 

SF = ma ppi nPNnvy rawnp oma nan 

F - E q = ma 

F = E-q + ma = 200-5-10" 6 + 0.01-5 = 0.051 N 


3.23 


3.24 
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røv™ 5>!?> mm >jvm nowa n3i.) pin >o Py .n 



é„ES = q 
e 0 -E-2%rh = jrr*h-p 

pT :Nin Pownn mwn pin 

2 e „ 



poon .r iovnw PPj mm n\?\ya rmi vinj pin >a Py .2 
e 0 -E-2irrh = *R*hp =P* - R WTU P^ 


E = 


pR 2 

2£ w r 



pbn p^ k>d ivunb nonnn r < R x -røio .k 


p - Æ :nmipn nmm ramn mwnn .wjdti 

1 “ 2e 
z,e o 



Man K>n iy\?)3!? nortnn R x < r < R 2 iwhd .n 


p*V 

2e 0 r 


i'o’ian 


Man 1*3 morm n^rm R z < r < R 3 nrøKD 


E, 


p Ri 2 

2e o r 


:>»>3Dn 


.3 
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misn nooo nnn >*y oimi pin mtyn noni ms’nn ^’inn in 



■rn’insn in p!?n nid 'owan noonn iomo nain 
>jwm r ovnn inNn 0PP1 no yn vnan >”v noinno 

,R 2 ovnn 

e 0 -E 3 "- 2 jrrh = q' 

q' = (ni 2 - 5rR 2 2 )-h-(-p) 

e 0 E 3 "- 2 xrh = (irr 2 - jrR 2 2 )-h(-p) 


E/' = 


(r 2 - R, 2 ) P 


2e 0 i 


:Kin inpon Pnonn mon pin 


E s = E a 


„ „ pRx 8 (r* - R 2 2 )‘P (Rj 2 + R ?. 2 - r2 )~P 
+ E * = 2^F - 


2 e 0 r 


2 e 0 r 


ms’nn i»inn irann pns’nn tinn R, < r noNn .*r 


E 4 " = 


(R 3 2 - R 2 2 ) p 


:n’nn 


2e o r 


E, = E/ + E," = 

4 4 4 


:Nin tnpvyn >t?avynn rrtvyn 
(R x 2 + R 2 2 - R 3 2 ) P 


2e 0 r 
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3.27 


,>) 3 > 3 £)n man p pbnbv> pn *on normn r < R 1 nv*o .n 

4 

e 0 E'4xr 2 = - -xr 3 p :T?1N:i pinn 



poo idd Nin >!?ovmn m\yn >a>^n nmi:' >ono bl 

.nrr:>n onnn »rrnpj 

E = -i— - -9-_L_ . | ' T R i 3 p = R^-P 

4tt£ 0 r 2 4 tt 6 0 r 2 3e 0 r 2 

poo Jrø iod mn >i?o\ynn nwn nwnn naoyoi? ^ino .y 
:N>n nanjin rpm^nn nappn p .nmn onoi >rmpa 

E'= _L_ . 5- = _L_ . 4 * R 2* g = ^ 2 !^ 

4tt£ 0 r 2 4*e 0 r 2 £ 0 r 2 


:pi? n’ in inpwn >!?ovynn n*rv>n 

3R 2 2 <j + Rj 3 /) 

3e 0 r* 


ymsn nnt n>n> irømni ynop^Nn o>w>>now nsn .n 

.mt oni>\y 'iwnnw 

F = E-q = 1000-1.6-10 -19 = 1.610" 1 « N 


t = JF_ = 1.6-10~ 19 
P m p 1.67-10 -27 


:nrø n>nn nswnn 

9.58-10 1 « —- 
sec 2 


3.28 


a 


e 



1.6*10“ 16 
9.1-10 ~ 31 


= 1.76-10 14 

sec 2 

:i cm -’y mrø o'pnynn oisp 


x p + x e = 0.01 

(i>dn ’Pown nus) nsiNn niw nyiin N>n njmnn 
| • a p -t 2 + | a e -t 2 = 0.01 v 0 = o -1 
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t = 1.066-10 -8 sec 


: iw pmo mv’ Irønan 

Xp = | • 9.58-10 10 -(1.066-10 -8 ) 2 = 5.44-10 -6 m 


2 " a e te 2 2 ' a P ' ^P 2 


:mw i'TT’ pnym .3 


= 


1 76 1014 = 42.86 
9.58101« 

: v - o -i rinwn mw nyiinrw ynon .> 


V„ = V„ + a P 


t e = O + a e t e 


v p _ a P -t P 


^3, 

v e a e a p 

nm d vnarn D>nt ooyuanw pvdq .1 

.Din* nvuppn 


a n 

-2- == 0.023 
a e 



v = v 0 + at 


10M.6-10" 19 

1.67-10* 17 


:N>n iionsn noinn 

= -9.58-10 11 

sec 2 

.•rrøwn niw nyunrw ilion 


t = v = 0 ~ 4:iQ l = 4.17510-« sec 
a -9.58-10H 


iw ji»paiN npm!? nnvtn nyiwi yinn irønan 

.Cn^nio 

rnwn :ipv a rrmn g *r:n:>n n^iNn opM 
a _ E^l __ S-10M,6:_10^ = 4 7 9 . 10 ii -«L_ 
m 1.67-10” 27 * sec2 

; (ro vn) ruiwn Nt> Pmmn rnv^ -pw» itpm Jirwion 


3.29 


3.30 
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v x = 10® — 
sec 

:nb-n >ba\i>nn n-røn ivpoa nwnan 

v y = v ov + at = 0 + 4.79 10 11 10- 4 = 4.79-10 7 — 

J sec 

:N>n nbipvn nwnon 

v= |v x z + v y 2 = 4.79110 7 — 

'sj sec 

:nvi m'vnttn y\vo 

y 

tg(a) = = 47.9 -> a = 88°48' 

7 x 

X = v x t :N1ri ni P ari I 11 ’ 33 io cm b\y nayob iy iatn 
0.1 = 10 6 t 
t = 10~ 7 sec 

:K>n n>ot?n y “n -psn 

y = | at 2 = | -4.79-10ii-(10- 7 )* = 0.0024 m 


nyorøn npna ied fon irrøpbKn bw nyunn m« .h 
11V3Q 7 ion -ivrøpbNn by non -pro .(nbiano bw bibun) 

>t?avynn m\yn 
:K>n nswjin .i 


_ __ 5-10 3 °1.6-10~ 19 = 

m i 

a 8.79-10 14 


a * = — — . .— — -= 8.79-10 14 —- 

m 9 i .iQ -31 sec 2 


:Nm m^iK:nn otv .> 


g 


9.8 


= 8.97-10 13 


5.4810" 9 sec 


inyDWDn npntn m^nprø .i 
t = 2 ' v ov = 2 ' v 0 ' sin ( 37 °) = 2 - 4 - 10 6 -sin( 37 °) = 
a a 8 . 79 - 10 14 

.-kid nyiinn mw .n 

r = V; sin ( 2tt) = ( 4 - 10 6 ) 2 -sin( 2 - 37 °) = Q Q175 
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8.79-I0 14 



3.32 



(0,2) rmpn ^xD\ynn mwn on 
m ,-ntn X -n w \\voz niti 
yyp lOn ^vonn !?\y >!?D\ynn rmøn 
.o>nnNn nvr\yn bv> Y -n i>:n tin !?oio 


E 


iy 


- —Q 9 cos(45») = 12.73 ^ 

M* 


E = K-6-10 ~ 9 . sos( 45 o) = 4.77 E 

W* 

E sy = -(E iy + E 2y ) = -(12.73 + 4.77) = -17.5 g 

F _ K-|g| _ n , N :niti »w’Pvyn ponn >”y ism >PE\ynn rvrwn 
3 2* J C 

|q| = 7.78-10 -9 C 

-7 -70 ,/ 7 -o KID 'ivonn Nin rrwrrø yii'Dn 

Q = -7.7810 9 C 

X -n i'D*>3 Nin rvnpn uvon ’Pownn tttoti 
E x = E iX + e jX = 17.5 ~ .Y -n 303P pv*n mwn 


:Nin q a>3yoDn *>w o>Knin\y >^o\ynn mwn 

E = ^9 -cos(30°) 
a z 

oi-w X pmoa -npripn -pn -vsn i>y nsvw q nnt )yoa 

.pdn 'i?own mn) 

^9 = —|^9 -cos(30°) :pp niti X pmnn 

X 2 = -9!- X = a- |2-cos(30°) = 0.76 a 

2-cos(30°) ^ 


3.33 
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3.34 


■vsn v'v yipi mn*n i> 3 inoplwn mwv/ i»tn k 


X = V X -t 

t = X = 0.03 
v x 410 6 


:rum>» Ni? Jvn>nB7) nvy >pdind 


= 7.5-10” 9 sec 


_ ElS. — 10Q-1.6-10 19 _ 176 . 10 i3 


m 


:n> n rcmm 


m 9.1-10 -31 sec 

:>D^Nn nuip mm^n -pro nyunn ymz 

y = Vpt + ^ -at 2 = 0+| • 1.76-10 1:J -(7.5-10~ 9 ) 2 = 4.94-10" 4 m 

v 4-jo 6 :nynp mK\y^ X -n jvn>n»n .i 

x sec 

:7mxn niw nyuna nP*n Y *n -vsa nn>non 

v v = v ov + at = 0 + 1.7610“-7.5 10- 9 = 1.32-10 5 — 
y °y sec 


:N>n nP'ipwn nn’nnn 


v = |v y 2 + v v 2 = 4.002*10® — 
y sec 


■i 


tg(«) = ^ = ----- - = 0.033 -> a = 1°53' 

v x 4-10 6 

(nPiaaa) ”n>poiN np'*rt"a yj ynppitttn mmPn i>a .s 
.a nsixnn na^no g lann nmxn oipn nx iwnd 
lpa vi3P ynppPxn ynyan mmin van nx’3>n -mxi? 

n>» na>\yrjn na) .na v'ay yx >a *>«»' 
yn\?p;>xn i>woo ia yvan x>n ’a pi>na uxiiow n»ntn .t 

= t g(«) = 0.033 :mn1 ^ 1“ ™ >JP 

H' = 0.033 m 

ya y n>v>on nx ypini w> H’ mmW '(inn rvoula 

H = y + H' = 4.9-10~ 4 + 0.033 = 0.03349 m :nin*r» 
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EFy = O 


:on nvisn i>y o^yian rnmsn 


3.35 


E-q + T - mg = 0 


T = mg - Eq = mg - -q - 


,T 

]E-q 


0.005-9.8 --(-4-10-8) = 0.0467 N . mg 

2-8.85-10 -12 t 

:nswn \y> g oipmw ;n .jpaunn nyun ysaa nun 

1Q~ G •(-410~ 9 1 = o.45 -5L. 
m 2e 0 m ~ 2-8.85-10 -12 0.005 see 2 

:N>n nnnnn 


f = 


27T 


g-a _L . 
L 2* 


9.8 - 0.45 
1 


- 0.487 Hz 


:Nin ron .k 

F = Eq = -q « 2-9-10MQ" 6 (-410-8) = -1.2-10' 3 N 


F = 


mv 2 

R 


R " 0.6 

.0.6 m røvrrø b:iynb Jvp >vy B nn>n»n 


F-R 

m 


1.2-10-8-0.6 = 0 085 .EL 
0.1 sec 


f = = _X- = 9Æ5- = 0.0225 Hz :N>n nnnnn .2 


2tt 2ttR 2*0.6 


'jyottn i*n >bD*mn m\yb o-røn iyo&n tm* p^n by 

:nopyxDa mban 
CQ-Ej^xr 2 = q' :R A < r - K 


q' 


= ^ -*r 3 


3.36 


3.37 
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Q = *y- JrR^ 


al = il_ 

Q R 3 


q' 


= Qr^ 
Ri 3 


O 


E = E^. = Q 

2 r 2 4ire 0 r 2 


e 0 *E 1 *47rr 3 


E. = —Ql— 
1 4 t£ 0 R 3 


Ri < r < R 2 


Or 3 

Ri 3 


.3 


.>rmp} P\y nwn ied hon rrtvyn 




n>m>nn røv?p!?ra tik^dd jvidd nK a\ym 


q' = | -*( r3 - R 2 3 ) p 

-Q = | -*(R 3 3 - R 2 3 )/> 0 Q ' 


:r m'TOW 
Q‘(r 3 - R 2 3 ) 
R 3 3 - R 2 3 


e 0 E 3 '-4jrr 2 = - 


Q(r 3 - R 2 3 ) 


E, = --2_ • — 
3 4« 0 r2 


R 3 3 - R 2 3 
f3 - R 2 3 


r 2 3 ) 


_Q_ 

4lC€ 0 T 2 


Q (R 3 3 - r 3 ) 

4« 0 r 2 R 3 3 -R 2 3 


ba ip >3 pan nid >i>D\ynn n-rpn >arø>nn nui •'(inn •*» 


.paNb nirø o> 3 oa Niban ppnn 


.’s pbn nid nanp'p *pn>n pbnn na>b'io k>d roman ->PNa 3.38 
o>*røio o’aypn pbi ,pdn Nin pbra thu ’bovnn mwn 
Pownn mwnp na napynn bp n'ovian napn nayb pia> 

.poK n>n> napyon -pro 
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3*39 



mg 

| * l*!5im(10°) —> a = 0.347 m 


jivrfc i”n q 2 ponn non>t> n>n> i^nnw >td 
SFy = 0 : y -n vsi mfron ivviwo 

T*cos(10°) - mg = 0 

T =_ m S_= 0-05*9.8 q 4QY 

cos(10°) cos(10°) 

:X "71 W2 mniDTl 1VWM3 

SF X = 0 

K-q,q- 

T-sin(10°) + ^ 2 - E qj = 0 


:N17I ivoon 1N3HI1 

9-10®-5-10 _6 -q, „ 

0.497-sin(10°) + -0M7* - ~ " 10 5-10 = 0 


-2.3-10 -8 C 


E 1 = 0 .udnP mw »Pnvynn mwn n’aipn oiaa .k 


x= - [æ). ♦ [»]. 


:rmpjn i?N pmon n* nxm .2 


X 2 - 2.25a 2 

a 1 

tg(a) = —2— = -2- = 0.353 
V2 a V2 

:p!? kvi pod !?:>& >!?mmn rnwn 

E . = 


:n>mn ron 

> a - 19°28' 


2.25a 2 


:>on !?ipv>n Pflvmn rnwn 


E, = 2-E'-cos(a) = -0.9428 = 

2 2.25a 2 a 2 


3*40 
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E A = O .PDN yny n>n> n>:npn onon m^n .> 


£ " - (’]■ 


:A rmpi!? ovmæn nn 


tg(a) = 


a 

2 _ _ 1 
a 2 


-> « == 26°34‘ 


E' = -cos(26°34') = ^2-Kc 


:Kin bipwn >!?nvynn mvyn 


E, - 2 .(M^}c<»( 4 5 .) - MfM. EUffia 


o 2 - 10- 6 

2e o 2-8.85-10 -12 


EF = ma 


:niti min mv\y Pnwnn n-røn .n 
= 1.13-10* ^ 

:nid poion iy iyian iipwn nan 


E-q e = ma 


:N>n nswnn pi 


a = _S® = 1.13-10 S 1.6-1Q- 19 _ j 99 . 10 i6 _m_ 

m 9.1-10 -31 sec 2 

nyn? nawnn) nswnn mw nynnn nwnou mrya 
X = v„t + - at 2 :(yiap nan pil yiap Pnvnn n-røn p 


(v o = 0) t = 


1.99-10 16 


= 1-10“ 8 sec 


o>pin nyaiNa naa-vra nrosm mipp -ry mm nyunn 

.nnr pr Pya 


T = 4-t = 4-1-10 -8 = 4-10 -8 sec :p> .mn urnen pr 
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>NVti 'vtra Kin ron ojon .nnimn nyun tij'n u .3 
nid ron nmn van t>D3 Jinima ;vnn nvrørw 
»avanions totto N>n n>aunnn nvunn irvnrn viap 

.pnvnt? 



- 4 

rwniN 

*N»sjoiai 




'H 


py; o’iyoa >jw Pw ivPnwnn n»pN>ni\?iDn rpruNn »na .n 
? ntn nti m pmaa o’Nuain 0.04 nC 
?o .5 m pnnaP t 3 »iy\?an an’pp nwwr nroy nas .:i 
3 o»M*a 3 20 cm lyp* -pwvj myp* mw w)wa >*np*Tip nwiPwn 

.(4.1 nvs) o» 3 y\?n 


q 2 = 4 nC 



.1 


.2 


4.1 TI’U 


»ronynn Pw :n»Pawnn n»PN»if 3 \ 3 i£>n n»niNn »na .k 
niw pma Jipnnan A rmpn Pn q 2 lyoan ni-uns nvnm nray nas .s 

?q 3 -1 q, -a 

n»pN» 33 »ion rpninn »na .q iyoa Nsni a iyi>^ rm»y yn»n Pv vrip*np ny:nK 3 .3 

’iisnyan Pv n»Pa\ynn 
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.10 V bv bN'moio w wivn mipia .4 
m mipib <)if?imn ivori m>n> foanb rrøm miav nna n 

nt mipib «iicoma 3 nC bv ivv»a N'anb n«nn miav nna .a 

bN'niiaioniy mipib it mipin 3 nC bw ivon wanb nwim miav nna .i 

ns Y na 

pN’sivnonw mipib if mipin -2 v-C b\y ivi?n N'anb nwim miav nna .*r 

15 V na 

?5 nC bv >n*npi ivunn 40 cm pnnna miiw bN’Kiman inn .n .5 
m mipib f)itn»Nn 2 jiC biy ivon nNinb nvnm miav nno .a 

npnimn mipib it mipin -i nC bw ivon jnavnb nwm miav nna .i 

»»mipm ivonn in so cm 

( 4.2 ni>s) .nfn nf i m o’K*nin q 2 = -4 p.C ; q x = 3 (iC :ta>ivon >iw o'iini .t 
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4.3 *n>s 







-npripn Pn yia'nn tman iyon m">rv maynp rrøm rmay rina h 

>>V>nn 

•npnpn Pn yiann mnn 2 nC Pw iy\?» imynP Trom nray nna .3 

»y'im 

.50 V Pw o'Pn'iupio Pian v> niniP ’rø vi .8 
main pN’iuoian i« aaiyn 2 hC Pw lyon *T3Na n’pN> 2 »\?ia rvro« naa .n 

nio^n Pn 

nayoa "lyonn vom n>wp n>roN nna .1 
1W3i 20 V Pw o’pN'juoia Ptan w> 10 cm orwa pmnnw nimP > 3 «> ya 9 

.(4.4 av*) npo >aP 3 nid >Pavmn rnvyn 

nni> niai PN'iuvjiaa jinsq:) B -1 A m*np)nn ipn .n 

nnv niai pN>2»\?iaa tik^q: D -1 C nnip^na ipn .3 

nnv nnj pN'iuoiaa jiksoj F -1 D nvnpjnn n>N .5 

?U DF o’pN’swian Pian ino .1 
n nC Pw iy\?» -vaynP nwm rmay nna .n 
.D -P C ‘O .1 

.F -P D -o .2 

.F -P C -o .3 

E 

^- 


Af 


lOcm 


n 


2cm 


4.4 nr* 


54 




.10 


onnnvy« .10 V !?\y bwswia rov^v rmp^ii 20 V bv bN>2ivn o ji«>ip« rrnpaa 
iw>in\rion v^> Jin>nn iwa .ni2>n bwinom 50 gr ^ np«i 1 nC ivoo 

?*p^n 

.1000 Y l?\y vnaro ><ni« pnoplw .11 

»irrop^Nn *n>N j^irnøn twun n«2 .n 

?>1N’JI2 .1 

?\rtirirropl 7 N 2 .2 
»pnup^Nn !np«\y jin>non >n« .2 

o7i>Jivin>no t>n> n>n> n« .o^n>2»oid wnon irmo o>sni« iinv»vn pvms .12 

uivfiwn 

-pEon iw^ioion )n *nnwn inuptw .U trtN>srøia vnsn w Jim* >av V 1 - 13 

,nin)n ^N’sioiDn 1« 'pimsi 
pmion o>i2N«v> nvbovnn nvlWiomDn nmniNn v 1 ^ n>n ^ K 

?inopi?Nni 

?m>awn an>nvn>n« i>2 on>n in« .2 

y>>xs <li>ni ; ioo J rrmy nvny 10 gr nt?«i 3 \iC trø iyv>« !?y ra .14 

ninya nl^nn mipi V2 o^wsnoisn vnon in« .100 m/sec tny Jiwn«t> nnun« 

?npoonn rmpii røn 

.10 \iC “2 10 cm Wl> 1 *rø l>t? 1 « *mD .15 

:pm«2 >t?«\ynn mvn in« .n 

?on«n« 5 cm .1 

?on«nn 15 cm .2 

:pnn«2 tw^oion in« .2 
?on«n« 5 cm .1 

?on«n« 15 cm .2 
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mwni 100 V ton pN'sioion 10 cm ipptw *pPio ivtd tnao r pnnoi .16 

.400 V/m >Povnn 
nrnn mao nripin pnna ino .n 

’-irton p>vjo ino .3 

nrrcn py iv\?an nio^os >no .3 

.( 4.5 *n>2<) *pnN »Pown mw *nw 5 cm in>3>3 pmnrrø mniP ’iw p3 17 


å 


B 


5cm 


•◄F - ;.^ 

A 3 cm 

f_ 


t 

2cm 

I 


4.5 


.0.5 J P\y Nin B mipip A mipio z nC Pw »Pown iyv>o mayna muyn 
(pvai iPiru) ;niniPn pa >Po\ynn nwn ino .k 
nnniPn pi oipNimoion Pnn ino .3 
.v nn'no Pipo U oipN'sioio vmona >(Nion q ivvjo .18 
>2U Pv o’Pnouoid vnona "p<i' on lyvon Pap’ nn>no it'N .n 

’U P V) OlpN’231513 \yiQD3 '(KP QN 2 q IVVJO Pip’ J 111 >nO 1t>N .3 

ivjvtto >j\y f>Pin in: .1 yC Pvy lyom py\? 10 cm iov>Tivy t'Pio nna .19 

.2 yC Pw ivmo 3 py\? 5 cm 
nviio >iwn nnan >joP -rnNn man >30 pi o>pN> 3 ovmn Piin ina .n 

.nto nt *tko o>pim onvtan .1 
.nto nt 0.5 m pnnoa onnan nano .2 


56 





.a 


>3a a* arnn man non 5 \iC ivy iyon mayna nwm nuay nna 

»onpnnn tnN aaa iopn -man 

5 nC oyum ioo gr > 3 wn jwni 6 nC oynni 50 gr Trwn rronw onvo >-v -20 

inK aa nmnn n>nn nn .o>mnwm ,ntn nt i m pmna nnnna o'Nuni 

?ntn n(2 m pmna i>n>wa tann 

inipna yiap di>3*hn l>in>a n’nnn anpnn 0.5 Mev iaw n>>"ONn>y a p>p!:>n .21 

.onno'o 14 « -1 o'iivno 92 a>ann 
?a -n p>pbn yn> i'bn >an> 3 >nn pmnn n>n> no .n 

? 1 >y*iin 10 1 cm pmna n>nma imn>nn n>nn nn .a 

in 0.5310" 10 m pmna N*n> ynnpaNVO in>nn owNa v<> n*rø nna .k .22 

•lionon 
.aw’33 .1 

.oarnnopaNa .2 

a\y pmna inopaNn nn p>mna >-ra y>pwna -pm n'nw nna .a 

man innpaNO) »iionon in 2.1210 10 m 
noitn’N pmna in\?paf<n tin p>mna >ia y>pvyna pm nmin nna .> 

man irmpafo) 

iai nn>Na p*r piv pn mini 1000 V av> o>aN’ 33 \?io wnona >(Nin imnpaN .23 
.( 4.6 ivs) inyon in>aa 100 V/m av T>nN >anwn mw 


1 2 



1000V 

4.6 *n>S 
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?nm> mas Pwsisoiaa n^sas ( 2 ) in U) nmpsna u'n .n 
»»P ovmn htoh Tina i m mmvo iinoppNn mmna mnn na .3 

»linopPNn my> pnna nr>N nnNp .s 
.(2) mips vaP 'i'noplwn my> na mipsn va o’PN’ssoian man ina .n 
mnanna ma>v?n .V pN>ss\?ia nnn PdPi q iyoaa nnK Pa msiyvs n>a nia'vs 1000 .24 

inPrrsn na>vsn Pw PN»*s\ 5 ian ina -iy\aa irta'N nPP nPvts nm< na’\?P 
itmrw »sv -snap inN P>n v, y nain 3 y.C isyvsoi 20 cm 1 wnw nvra .25 
nia>nn nnNP nvra Pa Py lyonn mm na -1 11C isyoai 10 cm 
iyaa vPyi 30 cm loinmy nvrai ,5 y.C Pw lyvsa vPyi 10 cm ioihiw nna .26 

.nt Pw itanaa nt 1 m pnnaa o’Nnas ,3 yC Pw 
»nanyan Pw mPN’snvsion msnsNn >na .n 
. oripn pnnap oniN onnna id mm ysaP -ry onvran nK o’nnpa .a 

»nvnnn n’Pmsu\?ian msnsNn >no 

.10 12 C/m Pw iy\?a ma'asn lyvss 5 cm tovtw pPia nna .27 
:mnan nmpsa ’Pownn Pmssoian ina 
.nnan tanoa 2 cm nNsasn A mips .n 
,* man tanao 7 cm nNnnsn B mips .3 
»A mipsp B mipso io ’ C Pvy iy\?a nnaynP nvnm miay naa .s 
.2 xo 12 C/m Pw lyiao nia'asa nsiyw 10 cm nmmw na’Pia mnvra navaya .28 
P\y iyoa nia>osn nsiya 20 cm npmnw msv na>Pia mnna naoya 

.(4.7 TPSO -410 12 C/m 
:niKan nnipsa Pmssvsian ina 
R A = 5 cm :A mips .N 

R B = 15 cm :B mips .a 

R c = 25 cm :C mips .s 

4.7 nvsf 
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.29 


,«inwo tonna ,t> wtra .410 * C !?v iwna ivvj 4 cm ivmnv plnn *ma 
.(4.8 ni»a) .pnMin ^vn nnsn .& cm iomnv nv T>i>in nns 

.pnninn nnsn ivv>on inn .m 
?> nnan nnsn nav 5 y !?N>in\?ian inn .3 
jonnsn onnn 5 cm pnnna *N>20\>ian inn ■> 

>D>nnsn isnnn 10 cm pnnna ^N’moian inn n 



4.8 nva 

ininnv nv -pinn nns . 0.04 nC 5v 'ivuna ivvss 6 cm iomnv Ttnn nns 
.( 4.9 m>a) pnmn »nnan nnsn .iiv^nn nnsn -pna nxm 4 cm 

?>a>jun nnsn !?v ivonn inn .k 
;> m>nn nnsn nav i>v i>N> 2 »oian inn .a 
jonnsn onnn 2 cm mipia SK’invian inn .i 

»onnsn isnnn 10 cm npnrmn mipia ’jN'nioian inn .n 

>na»nn nnsn navn -i nC Sv ivvn Nonb »ns V’pvnb "pnK miav nns .n 

i ?>nnan nnsn nav!? 



4.9 nvs 


59 



mon uv*n .Tiiiys tidlig nmis notfynn ind bvn pmm -nrnvn in\?pbtt 

.(4.10 ii>*) q wvn) a 


.31 


?(A nupi) msn >iso b pmab y>ia Ninuo ynupbNn mn>nn >na .k 

inwnn >no .mon no>bpa *vin 7*11 yiopbNn '■pvnæ man >iob iy>ina .1 

?(B mipi) *mDn vide b pmai Ninvya 




4.10 TP3 


.q iyo>3 a ny!?* *piNvy rimp !?\y n>npnp rmnwa 
»nmpri oiqi bwsoNPian in« .n 
?n>aipn oiDt? nitWNn q* ivoq wanl? hd v^pwn!? *jns rrray næs .3 



.32 
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:K>n mbK’swian n>mnn .k 
E . K q i q 2 _ 9-10»-(4-10-«)» = j .44*10”® J 


R 


1 


:nviw>2>n\mn nvrmn vnin!? rmw rrmyn .1 
E 2 = 9-10«-(4^ 31, 2-88 .io-s J 

W = AE = Ej - Ej = 2.88-10-6 - 1.44-10" 6 = 1.44-10" 8 J 


4.1 


TiNanb rrmyn aw>n >*r> by nanyon bw rpbK>io\ 3 ian n>niNn jin ivynn .k 

.o»pn asab »pwma o’jyvjon 
nypvnn Kb (ni Kin onyonnu mm nrøn Nbi) iwNnn lyoan nKnna 

.bbaa muji 

K . a , a :N»n nrayn »n\un iy\?K>n moni 

Wl " R 

:K>7i nniyn ,*m>Ni o>:yv>n vy^v> \\von ,>vy^wn lyoBn mim 

K-q.-qj K-q ;! -q 3 
W ’ " R + R 


4.2 


:jimayn opy N>n jvbban nrayn 


W = Wj + W 2 = ^ (qj-qj + q 1 -q 3 + q 3 q 3 ) = 0.09 J 


:nnpm wanuo .1 


W == U-q 


nnipan rmpn q 3 -1 q JL o^^voon n> i?y o>nn>^n o>!?N>*:oion tik ivym 

:A rmjmi (B) q 2 

K *n. K *n. 

V Å - 


Vn = 


K-q, 

K-q 3 

0.5R + 

0.5R 

K-q 

Kq, 

R + 

R 


« 4.5-10 4 v 
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W A - >B = U AB -q 2 = (V A - V B )-q a = 0.18 V 


:N>n rrrayn 


W 1= ^ 

1 a 

W 2 = + 

2 a 


KL-q* 
V2 a 


:N»n miavn »avn tvwon nfom 

:N>n rmiyn lyonn mann 


:k> n rrmyn >vn*in ))>vt27) nNim 


w. 


= K^ + k^ + 


W = W, + W 2 + W 3 = 


K-q 2 
V2 a 

f 4 + 


_2_1 M = 

V2 R 


:Nin rrmyn 5d iv 

5o4-K-q 2 

R 


4*3 


W = U-q = 101 = 10 J 

.N 

4*4 

W = U-q = 10-3-10-« = 3-10 -E I 

.1 


W = U-q = (15 - 10)-3-10~ 6 = 1.5-10 -5 J 

.> 


W = U-q = (5 - 10)-(-2)-10-6 = 10-« J 

.1 



V = = 9 " 10 ^ 5 10 - = 1.125-10 5 V N 

R 0.4 

W = V-q' = 0.225 J ^ 

:n>:j\yn mpn riM ivyro 


y = 9 1Q 9 -5’10~1 „ 9 . 10 4 V 
1 0.5 


:N>n nmyn 


W = q*U = -1*10“ 6 * 9*10 4 - 


1 


125-10 5 


= 0.0225 J 


4*5 
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K-q 1 

K-q 2 

0.5 

+ 0.5 

K-q. 

L K-q 2 

1.5 

0.5 


K- qj 


-(q x + q 2 ) - -18,000 V 


_ + K = -54,000 V :on ivmpjn vntiwa .n 


Vr . = -^- hi- --= -33,835 V 

-/1.5 2 + 0.5 2 Vl.5 2 + 0.5 2 

W B _>c = (V c - V B )-q = 8-10 -4 J :N>n C -'o B -o nrnyn .3 

oipno <iu mPym ied rmw y'pvnP -pi*w n>d ropporo n»:n>n miayn) 

(itiv Dia> cnpab -pna 

W c->A = (V A - V c )-q = -3.17-I0 -4 J :N>n APC’d rrrayn .> 
npapno Nim rvmy y'pwnP qnn n!?w ropponi ti’P'Pw rvnayn) 

(lin:!? rrøi oipna <yii nb'on ikd .nray 


.ro’oai ynnn t:noa pN>iu\?i£>n jin awm .n 4.7 

V, = —3.( Ql + q 2 + q 3 ) = 1.27-10® V 
a-\/2 
2 

V, = — (q + q ) + ^-^A- = 7.24-10 4 V :ro>oa 

a \/2a 

:d’Pn^:j\?iod \yion N>n lyoa m>n>P rvmyn 
U = y 2 - v x = 7.24-10 4 - 1.27-10® = -5.4610 4 V 
W = q-U = -0.11 J :N’n rmayn .3 

AE p = q-U :Kin nvim’swian JVM*ONn \man .n 4.8 

AE p = Q-U = 2-10- 8 -(-50) = -1-10 -4 J 

,n>v»>p n>niiO rosin «ii>n 73 ’kw n>pN>i»\?ian rmjNn Pa .3 
AE k = 1-10" 4 J -.pin 
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4.9 


,-pnJri PN’swia^ majn 2N>nwiann mn >!?avnn ntwn yiva .n 
,-> nv maj iw’awiaa tin^dj A mipjn pbi 
mvyi> -pwm wntt P>apan ipn iima jyinsoj nrnpjn >n\y .a 
.mrø pN>Ji3\?iaa nwsaj ipn inw imipjn !?a 
mvyn -pva 'a nni> majn bwjijvaiaa mipjn N’n D nripj .j 

.El -'y A -o Min >i>DV!»nn 
U DF = EX = ^ -X = -0.02 = 4 V t 

w c _ >D = qu CD = io-«o = 0 u n 

W D ->F = O-Udf = 10" 6 -4 = 4-10-6 V (2 
W C _>F = q-U CF = 10-6-4 = 4-10-« V (3 


Tio^vy piro \yBn\yi 

q-V 2 = q-V 2 + | mvj* 
q-(V 2 - V 2 ) = q-U = \ mVj 1 

:N>n mmnan 

2-10-6 (20 - 10) = 0 02 m_ 
0.05 ' sec 

AE = q-U = -1.6-10 -16 J = - !- 6 ' 10 — eV = -1000 eV .N 
p 1.6-10 -19 

:-ra>N\y m!w>3u\?ion mjmNi> mrø ta’pw nrøj’pn mjUNn .a 
AE k » 1.6-10“ 16 J 

AE U = \ mv* = 1.6-10 -16 J :N'n mmnnn 

K 2 


2q-U 

m 


4.10 


4.11 


64 



V = 


2-AE, 


m 


m*v_ 2 
q-U- £- 


v*=M _> 

p m 


2 -1,6-10 16 _ i. 87 - 10 7 m 

9.1-10 -31 sec 

:ppv)Dn nrvruP >ip>i rP>nni nxm 


2-q-U 

m 


v d = 


2q-U 
2m y /2 


:ptn twv >0 ntm> npm ppan win in\?>n!? 

l 


2q-U ^ _J_ 

m V2 


— = V 2 

V D 

n>!?K>iu\5i3n Tvnwn rum tin onaNn ynaplwni yronan .n 
.©P nion id i vi nnt iy\?o >i>ya nrrø ynon 
:onKt in« i>a 5v rm’nab >i\?>a nkoj .a 


2q-U 


m„ 


v p = 


2q-U 




le 

v„ 


n>„. 


:Nin jivrvnan ya tfn>n 


:N»7i n'Oi’pn nmiND nopin 


AE k = | mv ! = | -0.001-100* = 50 J 


W = AE k + AE p 


trproNi >u>pn oidp n> n rrrayn 
:Kin n^K^iPiDn n>n3Nn nDPin p!? 


4-12 


4.13 


4.14 
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AE p = W - AE k = 100 - 50 = 50 J 

:Nin no nn- 0 N o*mn Pn'jovmoti 

AE = q-U U = = 50 = 1.610® V 

p Q 3-1Q” 3 


.C3N5 mw ’5»wnn n-røn Tina *mo i "mi U .n 4.i*; 

:>rmpi ivou irø mvn røo kid 'pKrønn n-røn nno!? '{ina (2 

K^ = 9-10 9 -lQ- 5 . 4 . 10 6 E 

b ~ r 2 0.15 2 C 

pKnooioP mwi yiap kvi Pfoswion pPin im Tina (i .a 

v = K^g. = 9-10 9 -10~ 5 _ q.jqs v inovn >30 blrø 
R 0.1 

.tmipi ivon pN>3»oion ioo Nin pN>3»\?ion nvrai> >pna (2 

V = —_ 9-10 9 -10 5 g.jQs y 
r 0.15 


100 


,o>a^y3 >3va niNiwn >.tto lib \y> .n 

K( 1 = 100 :i 5 K> 30\?1071 JlNVrøB 
r 

_ 4 oo :>i>nwnn nwn nniwn 
r 2 

= 400 :r>Niwm nNiwa pim3 ninoP hd 


4.16 


Cf = -fl_ 
4?rR 2 


>-S-°' 25 “ 

2 - 810 ~ -. 2.2-10- i 

m 2 


2 


q = 


100*r 100*0.25 


4*0.1 2 m * ‘ K 9-10 9 

>bG\ynn nwn nbsoE mn rom *pi2 no nbsoGb mw mrayn .n 
by ymin mtya >bmmn mwn m KttGb yn>) pb iyv>»2 

W - F-X-cos(a) = qE-X-cos(a) : 7 Trøyn 


= 2.8-10" 9 C .3 

4*17 


E = 


W 


0.5 


= 1.25-10 7 


N 


q*X*cos(a) 2*10 6 -0.02*cos(0°) ^ 

:nnpG2 on>i>i nivn >ibn ronib yo o>bN*sroii>n bion .2 


XJ = E*d = 1 . 25 * 10 7 * 0.05 - 6 . 25 - 10 5 V 
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:v 2 nn>nnn yianb >io>n hxo: 


4.18 


q-U = ^ mv 2 v 2 = ■ 

2 m 


: 2 U Nin o>bN>SK>ion vnonvo .N 


q-(2U) = | mv' 2 -> v' 2 = 2- = 2v 2 


v' = Vz 


(2q)U = | mv" 2 -> v" 2 = 2 f 

2 l m J 


:2q nid ivoonwa .a 


= 2v 2 


v" = V2 V 

>io by bN>s:røion n; -wn o>pinn o’nnon iwno .n 

.inny nnonn pn yovia mo bo 

V x = x - = — = 9-1Q 4 V 


R. 


0.1 




:Nin U't'lHW'Q'lOT) \rnon 
U - AV « v 2 - V ± = 3.6*105 - 9*104 = 2.7-10* V 


OVO&i vnDn vboon N>n rmnyn .n 

W = q-U = 5*10“ 6 *2.7*10 5 « 1.35 J 


4.19 
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jv!7N>2nv>iD kvi nPnnna rmwn .n'niKn *viq>w pma waniyj 
:m>bK>^ 3 \?i 3 i nvwp rmroK iro oiat^ rosin kvi na!n n’^own 


4.20 


K- 


SlS* = + 1 m 1 v 1 * + | mVj, 2 

D R o 1 1 7 2l 


R 


"1 2 

tonron Svi wn>n»n yn nvypi? hd y*nn pini wDnvo 

m 1 v 1 = m 2 v 2 -> 0.05-Vj = 0.1*v 2 -> v ± - 2v z 

:TV3n:Nn mrrøan ymr) pi ni u!n>p\y m n>2n 


0.27 = 0 . 05 *( 2 v 2 ) 2 + 0.1 v 2 2 


0.27 = 0 . 3 *v 2 2 


:yn nvr»>nm 


2 = 0^7 = 0 ^ 9 = 0>95 jn_ 


0.3 


sec 


V. - 2 *v, == 1.9 


m 

sec 


tv^-ok m>n!? rooin nn~mn io .n>>“ONn mn>\y pini wnnvn .n 

K-q,-Q-» :n>! 7 B¥>n 

0.5 MeY = — 

:Nin mnnn 

1 3 m 


:rvruNn niKs>\y pmo .2 


V = 4 89 -IC ! 6 -S- ••*»* nv’non 

sec 


TWiNn bw oiDon Kvvy n>i>ion nnvNri nntraa wanwa .k 

v’vjj’pni n'bK'so\ 5 ian 

_ K--q ;L -q 2! _ 9 - 10 9 -(l. 6 - 10~ 19 ) 2 _ _ 2 . 17 - 10 -18 J = - 13.58 eV 

2 R " 0 . 53 - 10" 10 

:kv >iwn oimrra nmiKn .a 


R = 


9 - 10 9 -( 2 q )( 92 q ) 


= 5 . 3 - 10 - 


0 . 5 - 10 6 - 1 . 6 - 10~ 19 


0.5 MeV 


K-q.-q, i , 
— 1 ^ + i mv ! 
R 2 


4.21 


4.22 


E = _ 9 - 10 9 -( 1 . 6-10 19 E , - 5 . 43 - 10” 19 J = - 3.4 eV 
2 2 - 2 . 12 - 10 -10 


68 


:nv>rnN7t vnan N>n trmyn 


AE = E 2 - E x = -3.4 - (-13.58) = 10.18 eV 


:pi? ,nid ni’>-onn «nan .pon k>d rmiNn >3 toj>n pmo 3 .> 


AE = E s - Ej = 0 - (-13.58) = 13.58 eV 


J1NS03 2 rropj pin ni3Ji> -p»i iwnnoian ynv>pi?N .k 

.un> rnaan iw'jovnaa 
mwnv) ynon jrmNjn nirvo muo lt ni>N\y -vmai> ivdh .3 
mty3 •vmai> nvyaN p3N .nynp rumnn pin r>nn Pnwnn 
.11 3313 31T133 »n3Nl JVJ3JN1 7VT13y 
i m nNumn 3 rnpnm 2 rmpn i>3 nnuNn tiq>p pina 

1000 1.6-10 -19 = 1.6-10 _19 -100-1 + | mv* ■* n*np3i» i’a>n 

v = 1.78-10 7 — 
sec 

rrnpji p>i vsh nip twiuvr idp i n*npn Vi»ND pvyy: nvy>nn) 
1000 eV = qE-X ;U000 V NIP i?N>:wi9p 2 


X = 


1000 

100 


= 10 m 


4.23 


*nv bN^iv^an i m bo o 10 m ppn!? 3W p*y> 'jnopbNP .a 
•TON bN>2W1DP P>P> 10 m PPN!n 100 V -2 

.1000 Y NIP a>bN>^^12P VPDP .1 


Y = nrtD ^PSIUIDP PPP112 \yDP\yi 4.24 

R 

p!m:>p po>op t?\y ivobp p^vn pnN po>\5b rniDbnn mo^p pyw:> 
q' = 1000*q rnwop i?\y o>iyv»3p not? nip 
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:nio>on b\y o>nDin oidp kid nbvnn ns>on b\y nom oa 


4 

3 


*R' 3 - 


—irR 3 


R' = 10R 


(*ni 3 n>d no’on miaw pios o>n’j» won) 
nlop bD omna icns Hin nbvnn na>on bw ovnn pb 

:pb Hin nbmn ns*\?n ns bv bn>^joion 


v' 


K-1000-q 

10R 


100 V 


.oPk>^iv?id pirøb iv onvon nvnJi n>nn b*nn nm>n npv 
K-q\ _ K-q* a 

R x Rj| 


0.2 0.1 Ql 2q * 

:V12P nHVtU po»n bD 1PW WDtt 


Qi + Q 2 “ Qi' + Q*' 

3*10“ 6 - M0“« - q/ + q/ 
2-10- 6 - q/ + q 2 ' 
q/ = 1.33-10" 6 C 
q/ = 0.67*10“ 6 C 


:bipn niKiiwnn >rw nn ninoi 


E = 


:n>n omiDn n\y b\y n>bn^i\oiDn nnniNn .h 
K'Qj'Q* 9-l0 9 -5-10~ 6 -3-10- 6 


R 


1 


= 0.135 J 


:d^m>^3uid ii>iw n>rw >*o o’3yonn iptmn’ }»nn -iniO .3 


K-q/ K-q/ 


R, 


R. 


_ ,P _ / 

9i _ q a 
03 0.1 


-> q/ = 3-q s 


4.25 


4.26 
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:o>3yoon ymwo 


q i + q 2 = Qi + Q 2 = 8-10-s C 

Onu niNnwun > n\y 'pnn^D 
Q/ = 6 - 10" 6 C ; q 2 ' = 2 -IQ - 6 C 

E = — q i '3*1 910 9 -6-10-6-2-IO-6 

R j-- 0.108 J 


.•nyren ivuu nn o*np 

Q = 4ff R2-cr = 4 t-0.05 2 -10-i* = 3.1410-« C 

nmn W ^ Min >N>SU\31fln V5m -n-TD 11m N 


V = *^fi = 9-10»-3.14-in-i4 
R 0.05 


5.65-10 -3 V 


1 VD 13 bw u» Hin bK^ioion nvreb xino .n 

V = 910 9 -3.14-10-1* 

r 0l07 = 4.04-10-6 V 


4.27 


•N>n n-myn .> 

W = q-U = q (V 2 - Vl ) = 10-«-(5.65-10-3 


4.04-10-6) = 1.6-10-12 j 


Qx - 47r-R 1 2 *cr 1 = 47r*0.1 2 -2*10“* 12 = 2.5*10-13 c 

Q 2 = 47r-R 2 2-£7 2 = 47T-0.2 1 -(-4)-10- 1 6 = -2-10-12 c 

-om-ran >iv> "pra N>n A ntipin .h 


k Qi r Q 2 


V ‘--ET* R. 


-0.0675 V 


—-mnb '<ino N>n B mipm ,a 

V B = —p 1 + —~ = -0.075 V 

:onrran owb xmo N>n C n-npin ,j 

v K *(Qi + Q,) 

V G = -7—^ = -0.063 V 


4.28 
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:pan!j mw »jui’nn mon naw by bfoswian .n 


4.29 


K-Q, 

R , 


+ 


•Q» 

r 2 


-> 


Qi = -Q» 


Q 2 = -410-* C 


:nid > 3ia>nn -mon by -|yoan 


:Nin wosn *v)ion novy by .3 


v - 


K-Q, _ K-Q, 


R. 


R„ 


= KQ 1 


■( R 1 ” R 2 ] = 


3000 V 


:Nin bwxwian tonana 5 cm npnnao mipn .j 

= 1200 v 


Tr KQj KQj 

V = —= K-Q 


R, 


I L 

r R. 


lyoGn bo i© >o oaNb mw bN>*joion >juwn -mob ^ina .t 

.oflNb mw 


:OANb mw bN>swion ’a^an -mon nao by .n 


KQj K-Q. 

~R + ~R " 0 ~> Qi 


= Q z Rx 


R* 


o = - 4 1Q- 8 0.Q4 _ lft _ 8 „ :»on >aaan omn by lyoan 

Vi o .06 ^ 

rKin nmn by bK^^^v>iDn .2 

V- f- (Qi + Q 2 ) = 2000 V 


mw pbi inoo by iao nid >a>)an -man -pm bN>*joian ,j 

.oaNb 


:>jvnpj poa bo iao nid bN’iuoian >m>nn -mob ^ina .7 


4.30 
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V = ~ (Qi + Q 2! ) = 1197 V 

’Q’jan *m:>n ro\yb >ja>nn -inan nawo qyoa >73 n 

:K>n rrroyn 

W - 9'(V 2 - Vj) = q-(o -2000) = 10~®-2000 = 2-10" 3 J 


von N>n nbnnna n'nwn -n»>v piro vnnm N 

Si 

K-q. q 


0 = i mv* - — 

2 R 


2 m e v * = 


a + b 


-> v = 


2K q e -q 


m e (a + b) 


™ ow ^ 13 N > ’ 3 Wap qnopbNn nn>no -»von -pm .3 
.“msn bN ynopbNn wds na Jin>n»b mw jm>n»n nbawn 


I m e v 3 = — q<i q _> 


2k q c -q 


m„ a 


nip-npa o>iyoan b\y o’bWiuoiDn nnaiy 000 Nin bN’ssoian .k 
X = 1/3 a :Nin noipa »\yrnn -ppDbNn bus .nnipn 

X * = ^ a .-fon omp-npnn yia>m tono pnno 

„ _ _ j :Nin brosioion 

V = 8- K-q _ 9.24-K-g 

V3 a 

a 


w = qi -U == qi V = 


= 9 - 24K q‘qi 
a 


•N>n rrmyn .2 


4.31 


4.32 
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sinusmi mitt ,tnT - s jna 


.(2 -i i niNbaoa o’nuoi « narønoGon oapm n»boo nniinn o>nro) 

?20 sec *prøa la onaiy 100 C on pbioa oaitn oatn in« .i 

»o.i A bw oat ia oait on i sec *a pbioa onaiy o»na\ 5 pbN noa .2 

o»wainn o»na\?pbNn aooow amna o»\yain Q’iiaopbN bv» nywin nwnn >no .3 
»i A Nin 2 mm 2 inna oaitn oatm s io 26 Nin ia m 2 -b 
?s mm lomai so cm laaiNv jrøiro b>bs b*> jiroonnn >no a 

?2 cm nybs iaiN*< oi»i»oibN n>aip jimwm >no .s 

bw manna io»on oivma yyaib a»at>o aawoon ynupbN am>\y oatn mo .6 

?6'10 JS H z 

oatni 4 V bvy nno aipn »msp »ivo m»n i mm ia\?ipi 2 m laaiNv b’nb .7 
»b>nn bty mbiion nn»nnn >no .8 A b\y mn bapnnw 
ino .2 V n>n nnom i A bw oat aaym i mm 3 inaivy >b>b> nvyini b»na .8 

!b»nn b\y icvna moi iaaiN 

b v nno avwa ,n»i\y baa o»na\?pbN io ls onaiy <pao »røyn >b>bi pbioa .9 
jpi’ion aoip mo .nto nt 1 m o»pniaon pbion msp i»a byio 1 V 
nnpia .2 A bv> oat oait o.oi mm 2 bw inn now bya jwinio paN pbioa .10 

.so V Nin bN>i»\?i3n a 
?oatn iii»aa 1 m nNnom B mipia bNmuion mo .n 

»oatn livab pon }ii»aa 2 m nNitojn C mnpia bNmoion mo ,a 
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.2.4 V !w nno mpab -am 10 m bw rn»o i mm* bv inn byn mnrm v^a .11 

n^ion cntn in» .n 
rorøam nr* aw i>bra iwHin rbinb nan> oh tnw n>n> na .3 
Ji’bN riajo o\y -pbia irøKin i>biab w on om n>n> na .> 



5.1 

•R wrHnn v> S ir»n nwi L tun byi b>nb 
?2L bv 7-jw tyl nainn iniNa b>n mmnn n>nn na .n 

12S bvy inn nw byi nainn mina b>n mmnn n>nn na .1 

?2L bw -pi* irøn nwn lim bya nainn iniNa b>n mmnn n>nn na .> 

o>ninai ouivj tupbn nyannb b>nn m oonm .R nimnn L mww b>nb 

mbnpnan nn^Jtnn >na .nr nr omn 
?40 C b oain> on o°c -2 100 q by; wim m mmnn n>nn na 
.150 W bvy mmnn oi>i>aibNa mb nn>n 60°c -1 
?o°C ~2 inimnn nn>n na ,h 
?zo°c -a immun nmn na .1 

o°C wmjin nmn na .55 n 40 °c 11 100 o 7« mmnn nmn 95°c -1 

nainn b\y nmonoaon tnpa mai 
pnnan o°c N>n nmunsaan nwo .2 A bv; ynp om omr wima 7 >bia:i 
pman mm na .1 m Hin 1 V onb\y o>bN>iov>ion ynsnu; nvnpi >n\y 

?20°C H^n nmunoaon 2 wko 


.12 


.13 

.14 


.15 


.16 


.17 
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p[ n m 10"®] (20° C) jpbUD nvr«nn -1 n!n\? 


11 

OVlbfi 

95.8 

TPflOD 

4.6 

oinna 

10 

ru>oi>£) 

1.72 

mnro 

5.7 

paVJIO 

2.83 


7.8 

!?p>i 



1.46 

f lP3 

1 /C° ] (20° 

C) nvninnn mwnooon Dipa 

" 2 nino 


0.0033 

ovibo 

0.00089 

jvato 

0.004 

OWXI& 

0.003 


0.00393 

mnni 

0.0033 

yn^ra 

0.0039 

owa^N 

0.006 

i>p>i 


76 





i == 4 a = 

At 


100 

20 


= 5 A 


:pf m>n >3 naivn )y\?on Timo nid du 


s. i 


Aq - i-At - 0.1-1 = o.l c :pt ton!? o*itn nip 'bbo?> 'lyoan 


•invjpyNn lyooy piano 'bbon )y\oab mrø oanopyNn *iopa 

n e = = ——-= 6.25-10 17 

% 1 . 6 - 10 "« 


:nn>naa o-ttn bv nitjnn nnoia a>j« 5.3 
i 


n e Oe S 5 -io* b -].6-10 -19 -2-10~ 6 


= 6.25-10 -3 


sec 


^ ir(5-10- a )3 


:nm 3 nnn nnom a’iu 5.4 


R = £L = 2.83-10-8-0.02 . ... ... „ 

S (0.02 ) 2 - 1 - 415 ’ 10 6 n 


:Tm«nnn nnom nnn s.s 


.ynopi?Nn iypn nid nt pta -nijw ,-rnN iima bv p? by bonv) 


1 = 5 ?.= 


X % "f ~ 1.6-10 19 -6-10 15 = 9.6-10 " 4 A 


S.6 


R " T - 5 - 05 “ 


••b’Jin Jm«nn tin bo o-np nthdt 5,7 


p = _ 0.5-a- fO.OOOSl 2 

T *"1 -*• 


.•nn^nnn nfipi^Q TiiTonnn nn 


96*10~ 7 O m 
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R -^=f = 2n 2 = ^ :M>n l»nn nyrum 


S .8 


L = 2 = = 8.6-10 -9 :pb N>D n^WNI 7IN1WO 

:no3D nNiwn n’d rww rtNirøn 

S-L = M0-« 

:on tviktvi -jnnn hOT ikdo 
S = 9.2710- 8 in 21 = 0.0927 mm* L = 10.78 m 


S = jrR* 


R = 


0.0927 amtm-rwi 

- = 0.17 mm 


T _ Aq _ 10 15 -1.6*10 -19 ___ 

1 - = -j-= 1.6-10 4 A :i»na om 


DN N*OJ 5.9 


R= ¥ = 


1 


1 . 6 - 10" 4 


= 6250 n 


:N>n ^>nn nvrwnn 


R-f 

s . f . L 4m. 2 . 35 . 10 -„ mI 
s ''**’'(?)'- XJ r 0 D - 


:Nin innn now 


:Nin noipn 
— = 1.73-10-6 m 

7 T 


R! = ^ = . 1-72-10-8-1 = J 72 n 
s 1 - 10-8 

U 2 = I-R = 2-1.72 = 3.44 n 

V A " V B = 3 44 V 
V B = 50 - 3.44 = 46.56 V 


R 2 = ^ = 2-R 1 = 3.44 n 


:N>n t»nn nm:nn ,n 

:N171 OpN>20\51Dn *nOD 


:K171 B 7)71013 iWSlOian 


:N>n niiimnn .3 


5.10 
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^2 = 2-3.44 = 6.88 V :Nin o’bN^oian vinan 

V C - V A = 6.88 V 

V c = 50 + 6.88 = 56.88 V :N1n C “^i 733 bN’JUO'on 



R *- 4 f k - 2 (f]-» 

L-S = L'S' ;nnt n£On ON .S 

LS = 2L-S' 

OJOm 

R a = ^ = 4 f = 4R 

2 

1 ^ 

4 :N>n o>pi?nn ihn 1?d ;?vy niTonnn 5 .;ls 
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R 


2 


L :p!? .4 >d >“n> *jTinn n\?\y m *t & nt oniN nnn: on 

4 1 oL 1 r 

4S 16 S 16 


R = R 0 *(l + «*AT) :mrcnoQon oy nvn:mn nnuu 2 2>*3 
R = 100 (1 + 0.0039*40) == 115.6 H 


jrn»mn Tmnvyrtø nnruna o° rmvnsao 2 nm^nnn tin >pro .n 

:mrø-tøtton oy 

150 = R 0 *(l + 0.0039-60) 

R 0 = 121.55 n 

: 20 ° -n Timwinn tin nvym m^nv; 'pTon mty 2 .2 
R 20 = 121.55 (1 + 0.0039*20) = 131.04 O 


100 = R 0 *(l + a-60) 
95 = R 0 *(l + a-40) 


:mKiw*3n >n\y tin 

r\ 100 1 a-60 

V 95 ! + a-40 


a 


2.94-10" 3 


j_ 

o C 


:Nin mrøniMron oipo 


100 = R 0 *(l + 2.94*10“ 3 *60) 
R 0 - 85 n 


:N>n o° -i rn-mnnn 


U = IR 


:^nn nmjnn tin 2wru 



R 2 o = Rod 


^20 _ ^20 
R 0 x 0 


= 0.5 n 

;N>n 20° 

+ a-AT) = 0.5 (1 + 0.0039*20) = 0.539 
X 20 = 1.078 m 


-2 nrTHJinn 

n 

:N*in pman 


5*14 


5* IS 


5*16 


5*17 
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pav n - 6 p-\a 

m'yKW 

w "' 3n:i " nvn 40 c tiNKny Ji>bN>sioian nmniNn >no .x 

»2 V bo o>bN'moia 

.24 V bo o>bN'xooia onana nxmm so W bo t« 2 
:n»x\!»3 am maiyn lyoon moo >no .n 
M’ j\y bo bxymn "in npib anno nmniNn nioo >no ,a 
?Dinb iainn paonn ino .j 

?npi -jooa xoo w ni« nobiao (nmibpai bw-ia) nmiNn mrø >nn 3 

jnniarnnn >no .100 W /200 v awo mm by a 
•npi Tom 2 A bo oax ia aaiy -iono 700 J bo n>nm -pm* 7« 5 

nun paon ina .k 

n«n nmxnn mo .2 

iTJin by o'bN»nxDian onan in« .1 

?vmon paon ino .24 V bo nnob aain« Ninoo 4 A bo ok ru* >b«on ymo 6 

? 60 % N>n mb> 3 xn on npa 700a miavn >n« 

.20 V bo nmab main 30 W /24 V n>by ainoo mm .7 
?mmn mamnn >n« .n 

nymn npaon in« .a 

>JWn asoai 100 W ipaon lioNnn a*«a .oiam >a*« 2 bya Nin oiam nmn , 8 
looaan moa nmnn bo rmminnn on> ina .200 W ipaon 
bo ion nooi 1 km mim novm bma om no>bo apy onoann im> na , 9 

?2 A bo nit om o*m on 1 mm 


81 


.10 


n’nn nbvy naniNn na'isvy na pibib 75 W bvy mu nan* naa ivyaa 

?5 kWh 

man b\y nn-ONn na'm 'na .niyvy 4 -jpaa ny ba npbn 100 W bvy mu .11 

?oi' 30 bvy vy-nn -rvyaa 

bvy nan* nN-vn 'bawnn nnon .niyw 5 ivyaa 220 V bp nnab -vain pn* .12 

nnnnn 'na .2 kWh 

.10 A bp otti 220 V bp nna "pis yao .13 
?nap T\yaa nt yuan p’onb pap miavn nina 'na .n 

.(kWh -ai J -a) myp iPaa ni vue« p'onb innp miavn nina 'na .a 

marønn nonpn i'n nina 30% N'n yuan bp nibmn on .> 

?’3 'I ’N ~b 

nbia'p o'nn nina ’na .5 A bp om 220 V bp nna "pin naNPn bp ynn .14 

.20 m bp paiva aiNPb naNPnn 
.100% N'n naNPnn bp nibmnp nmna .n 

.40% K>n naNPnn bp nibmnp nnina .a 

nponb nanynn nib’si .bnpn ns’b iniN b^nn o'a bon nanpa N*nin aiP' .15 
THK aip'n N'pn nann nypa .100 m bp nann o'bo« o’an , 60 % N'n bavn 

.220 V bp nnaa 1000 A bp om 
ibawnn mvaiwa nap npna -myb na'mp o>an maa »nn 
nna .20 m naub 1000 kg o'byn ynnn nmya . 70 % Kin 'bnpn ynn nibm .16 

.nip*r 5 nbivan imi 220 V Nin yiinn 
?ynnn popn ina .n 
? n”p 50 nbiv 1 kWh on miavn mnn ina .3 

.P poon rm U nna npnb nainnp R n« .17 

?2R bp to bvy popn n'n’ na .n 

?R/2 bp *1« bvy popn n»n> no .a 

,2U bvy nnaa R to bvy popn n'n' na .> 
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.18 


oipnipn Jrt>»so mpt 2 V n nn»jr* -tv 20° -* o> B > nMD onn* otpaip 

.70% 

hk un>pn on o>o rt>i» :rm:> oipoipn oon> yat na= V n M 

?Q»:\y V) 

nr,Qn ™ ON 0> » ^ rmi opoipn o«n> lm noo -p n , a 

?D»:\y >3 
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»naiv* 


AE p = q-U = 40-2 = 80 J 


I= |=|i= 0 . 48 A 
Aq = I-At = 0.48 C 


:Nin cnn ,oniK pin >a t>y .x 
:N'n iyoon maa 
:i»y na-ox -pis -nin now to i 


AE p = q-U = 0.48-24 = 11.52 J 

,oint> roam n'j-nxn to .s 
^tmvnn paom nnoun m nxt nwi^ nwax 
p = PR = 0.48 2 -50 = 11.52 W 

:i?yia Ninw ima paonn nt>apn x»n n>)-»N 
E = P-t = 100-60 = 6000 J = 6000-0.24 cal = 1440 cal 


:papnn nnpua wanvyj 


P = m R = Hi = 2M! = 400 n 

r R P 100 


p _ E _ 700 = 11 67 W :1»t n-pnn nnnixn xm papn .x 

t 60 

nn popnn nnpiin ,a 

P = PR R = £ = i4r~ = 2.91 n 
I 2 2 2 


:OmiN pi na \yDT 1 MO 


U - I R = 2*2.91 = 5.82 V 
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P = U-I = 24-4 = 96 W 


6.6 


:Nin paonn 

E = P-t = 96-60 = 5760 W poonn n^DDKi N’n nypwinn rrrayn 

:n^’i{on mtv3 n*oj npoian rmnyn jin 
E 


0.6 = 


W 

5760 


W = 3456 J 


« _ U 2 24 2 
R " P~ = 30- = 19 2 0 


:vup N>n mun nmann .n 6*7 


:jmmo N>n nna!? ONjina njjrøo mwn poon n 

r - - 20i _ 

R 19.2 “ 18 W 


p = ni 
1 Ri 


U 2 


P 2 - 2-P. = „ 
2 1 R 


:on o>j 4 }\yn o>p£Di?nn 6*8 


2 U 2 _ U 2 
R, R„ 


Ri 

R. 


= 2 


:Kin jmmaxinn um 


r = £k _ 1.72 10-8-1000 __ 


10" 6 


= 17.2 O 


:N>n nmmn 6*9 


P = I 2 R = 2 2 *17.2 = 68.8 W 


:nid popnn 


E = Pt 
5 KWh = 75-t 
5-3.6-10 6 = 75-t 


6*10 


*. 5-3.6-10 6 ^ , ,, ^ , 

t = — = 2.4-10 B sec - 66.67 h 
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:N'n 70>-tt7) OP TWaa 6 . 1:1 


E == P t = 100-4-3600 = 1.44-10« J = 0.4 KWh 
E = 30-0.4 = 12 KWh :N>n n3V * n QV D,Vn ^ 1 ™* ** 


E = P-t 


2 = P-5 


:p-\^n paon tik awro 6.12 


P = | KW = 400 W 


:N>n nrTMnnn 


U* _ 220^ = 121 n 
R - P “ 400 1 


P = U-I = 220-10 = 2200 W = 2.2 KW ; nit) 6.13 

w x = p-t = 2200-1 = 2200 J :N>n rv:rø i\yn3 rvroyn :h 

w 2 = p-t = 2200-3600 = 7.92-10« J = 2.2 KWh nyv ivyna rvmyn .3 
H>n rrfr’sin -røro ,nypw»n rpa-UNn irø Nin ’3 -1 'k o’p^ra arø’nn .1 


Wj' = 0.3-2200 = 660 J 

W 2 ' = 0.3-2.2 KWh = 0.66 KWh 


:N>n npoian muyn 30 % 


W = P t = u-I-t = 20-5-60 = 66,000 J mrwnn n^yara nypvnnn n>nwn 6.14 

, . „ „„ :N>n o>on 'pv rpyrorwian nm:Nn 

W = AE = mgh = m-9.8-20 

:npoian rvmytr mrø nypvinn rpjniHn 100 % ron nilpjun -røro .n 

m = 336.7 kg :ron O'un nun 
336.7 K’TI O’nn TODD 

W' = 0.4 W = 26,400 J :ron npoion n-rayn 40 % ron nib’ron -røro .3 

m' = 0.4-m = 134.68 kg :ron o>nn non 
."rø’S 134.68 ron o>nn nioo 
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p = 

p'= 


U I = 220 1000 = 220,000 w :>baonn paonn N n pomn paonn 
•Nin vpwmn paonn 60 % N>n nib’sino iivao 


P _ 220.000 


0.6 


0.6 


= 3 . 66 - 10 5 W 


AE p = mgh = m- 9 . 8-100 


AE P = 3 - 66 -lo s j .N>n nova n>a*oNn 
m = 374.1 kg :N>n 0 > an j,p j3 

374.1 N>D Omn nma 


Atp = rngh = 1000-9.8-20 - 196,000 J 

P = ^E. = 1 9 . 6,000 = 653 3 w 
1 5-60 

p = : § 53.3 = 933.3 w (vuon pDpn) ypvnEn pDonn 


Jipsian rmiyn 
wn pDinn poonn .k 


—— 6,000 — = 0.077 
0.077-3.6-10 6 

0.077-50 = 3.89 


;Nin Kwh bo im>n>i miavn ima .a 
:Nin -vnan pb 


P = 


U£ 

R 




:Nin mpan paonn 
u 2 p 
2 

U 2 


p _ _ 

1 2 R 


= o -N 


P 2 = ^ = 2 P .3 
2 R 


_ U 2 2 -U 2 

R “ R = 2P :N1n W ‘ rnn omo >a mop nminnn on .n 

.D»>ny >a bu paonno maiN dni 
nbm n»mn n>bban narnNn nu» omo >a nbu omn nmao ltrøD 

.mpiDn ptb niiw n>n> >t?Por» imn pt? .o»j\y >£ 

om nma nrnnnb na pbi ya-w >a bu paonn omo >a bu nnan om ,a 
P" — (2U) 2 _ 4 U 2 , n 

R ~r~ = 4P * 1 mn P *no*> nid nbnr'i 


i 


6 *;l 5 


<5.16 


6.17 


6.18 
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tnt - 7 jTlfl 




’u 

:D>Nin onpona -rnK tm ninpwn nn»nnn tid .1 



(4) (S) (6) 

7.1 -IV3 

:o>Nin D'bsvnnM -rnK ioa >binn Din mm nbrpvn nuMnnn >nn .2 



U) (2) (3) 

7.2 *VP3 
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:D>Nan onayoa on«7io mn ion om inn 


.3 


1 . :20V 

— 


— 1^1_ 

— 1>- 

5Q 150 

—VW—AW— 1 


60 

-Wm 

30 

— \AzV- 1 


r 

40 

—WV~ 

40 V V 

-AAV- 

v v v 40 

L-VvV J 


<» ( 2 ) 
7.3 ir* 



(3) 


:(7.4 11>S) NID 3>jyOT) 11TU 

nbipwn jvmjmn mo .n 
?AD nmpjn pi 
ninpwn nm^nnn >no ,:i 
?AB nmpjn pi 


?R 13371 1710 .5 W bw N>7I N37I bJJJOTI t>VJ TlbipWTI JlYTMJmn 
40 80 


vW- 


—vw— 

20 


2Q 

wv — 


—VW—' 


7.5 irs 


AAV-* 

R B 


inapoa ram iwkd .20 o nnm 7 i>ipvn ojin«jini 1102 min on« «vy 
?on«n jm«nn >n» .3.75 q rm>n ninp\yn ojm^nn 


.5 


.6 
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:( 7.6 nvs) Nan Payoa o’pnnn nna mm .o.n.d -n mn 


.7 


I 'A/w-, 


miv om omnnn nna n>n> na 


?>npai s Q < 1 P^ TO 


mn> ok a^pinn nna n>n> na 


nwi 5 Q 5 V TO 
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.onrø S 2 'i S x D’ptJDQn -i\yfo .> 


e 1 = 2 ov in 
j—11—VvVt 


e |^ v in , 

-H--WVr— 


M/W—1 

20 n 


7.31 1PS 


to t>v ovinn nnD mo . h 

?nnnn nmpnn in* 

?20 n bv> im ontn in» .1 
jiinwnn rmnvm vn 7*0 
mno rvn e 2 nnnn “npn on 
n^n ynon 


; 7.32 bayoa on>3no im tm o^n .n 
? rm)on nmpn !?y o>p*rnn rmo inn .1 

?U AB nnon rrø .> 


7.32 np* 




T—VW-1 


-AMHM/W 

loft j2v in 
sn 

6n 


sn 

A/W 


B 15V 


-AMHn 


-MMr 
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rwio poDon -uønd .n 

.*iud poaan ->\yfo .3 
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2QV 20V 



7.35 '1 
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:>n\5 Nin -n:rnn U) 7.1 


R x = R x + R 2 = 4 + 8 = 12 n 


:>b>ap a nid -avnn 


(2) 


= i + i R T = ^-r = 2.4 O 
Ry 6 4 


6 4 4 


:>bnpnn pbnn onp 


(3) 


1 l A 1 i? 2*6 . * 0 

“~ = ~ + ~ R T'=2T6 = 1 - 5n 


Rj' 6 2 


:>\y»t>\yn toti oy -»ua ’l»apan i»ip\ym 


R x = 1.5+1 = 2.5 n 


:^>apn Tia>n -ninn nmtnn intt ( 4 ) 

R T' = TV2 = 1 n 

:«v>n bipv;b mo -ni 4 >n "om« b:> b\y bipvyn 

Ry =1 + 1=20 

moi onnman on«n «vy onp (5) 

Ry' = 3 + 1 = 40 

:>\j»b\yn i«b bnpoa nain» onbu> bipvyn 
R T - rr« - 2 6711 


:b>apo:i onnno oh« nvnbw ( 6 ) 

itf = 2 + i + 3 R r=o.545 n 

:>V>«n i«b noi naino onbw inpvyn 
Ry — 0.545 + 4 = 4.545 O 
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mon onninæ o>*nn >30 


CD 


7.2 


R X ' = 2 + 4 = 60 


1 = 
r x 

I x = 


tWyva to!? ^>apoa i:nn» nni>\y ’ripvn 
1.1 ™ 6-4 


+ \ 
6 4 


Rt = 


4 + 6 


= 2.4 n 


R x 


20 _ 

2.4 


8.33 A 


:Nn Pl?:>n o*nn 


•>2po2 Dnainn 2 ci on«n ow 
R T'=2%=1« 

:omii3n onjjn owb -noa aarnn on!?\!> ^ip\yn 

r t = 1 + 1 + 8 = 10 n 



20 = 2 

10 z 


:Nin >^an cnin 


( 2 ) 


!i»ap«a onw rrotøw bv n'y nid mn biyan D) 
b>ap»: 1 o>aaitv 3 2 £2 bv o’iinnrin o’tjjp >3\y 

R r = YT! = 1 n 

*Tiab aioa aainn orftyy mp\yn 

R T = 2+1=30 

I T = ^ . n . 4 A ™ 



20 

5 + 15 


ontn TIN 
A 


. 1 A Nn tu l?nn ontn pi? 


(i) 


7.3 
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( 2 ) 


:niti *t« P rn onfn p!? 12 V nnn \y> onuno inn to i>y 


Ix EU 


12 <5 * t ^ 12 — -d A 

T 2 A Ii_ R # " 3 - 4 A 


(nf nnpm yjyoa tnpvy -ni ni*>P -pi* vm) 


:t?ip\yn pin jik ksoi (3) 
R'j'' — — — ^ = 2 fl R’j - = 4 + 2 = 6 (2 


! x 


Ry 


£- 2 


:Min ’!?ton onfn 


I x = I = 2 A I 2 = I 3 = 1 A 

ijsonn ontn -p nnx .2 A Min 4 fi !w irøNnn *r«a onfn 

.1 A trø o’irø o’anf ovt; 


iif to onainon oo» i>\y nuif ’iw »» C 'i A imipin ya N 7,4 
Rt# = r t „ = 5 + 5 = 10 n nwa 

:>t?>npan oqidp kid inpwn ‘ttJn 

R T = R T ' II R X " = jo^io = 5 n 
Pipwni mvn ominon onw nwitw «fBi A nvnpm ya -3 

:'y>ann urt Popna naina ont>w 

Ry' = 5 + 5 + 5 = 15 ft 

R T = Ry' II 5 = BT5 = 3 -75« 

:nPton nmirin!? ’i\?’a Nsni 7.5 

R r- rh-' na RT—rrs-i- 6 « 

:*on !?iip\yn 

Ry = 1.33 + 1.6 + R = 5 ft 
R = 2.07 O 
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R x + r 2 = 20 n 

1 


1 + 1 


R x R 2 3.75 


1 + 1 


20 - R 2 R 2 3.75 


R :; + 20 - r 2 


(20 - R 2 )-R 2 3.75 


:wn irøa ■m>nn nNivwa 7.6 


:N>n i»apaa 7ia>nn jiniwb 


:inpii a’sa 
(20 - R 2 )-R 2 = 75 

20-R 2 - R 2 2 = 75 


R 2 = 5 n ; 15 n 
.15 Q -i s Q>in rnmainnn 


I = 


12 


= 2 A 


.12 V nid .a.N.an ,n 
:Nin iuyaa o-un 


R + r 5+1 

U = e - i r = 12 - 2-1 = io V :pp ,nid D’pinn nna 


7.7 


V = 


^ - 12 . 3.428 A ’ 


R' + r 2.5 + 1 


:Kin vnnn D’pinn nna 

U' = e - I'-r = 12 - 3.428-1 = 8.57 V 


" _ e 


I" = 


R" + r 10+1 


1 2 ;Nin winn cntn .i 

= 1.09 A 


:Nin vnnn o>p7nn nna 

U" = e - I" r = 12 - 1.09-1 = 10.9 V 
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R t = 4 + 5 + 2 || 2 = 4 + 5+ 2 ~ 

I _ € — 2 A 

r T - r t - 10 - 2 A 


:bipY>n -run tik bo orip nso: 
-=4 + 5+1 = 10 ft 

:Nirt biynn ’bbon om 


o’-n:n ’:\y bw bipwn uin by nnon Nin B -i A nnipin yi nnon 


UAB = I RaB = 21 = 2 V 


:pb .2 ft b\y 


R t = 2 + 4 || 4 + 2 = 2 + 2 + 2 = 6ft 


I x = _£_ = 12 _ 2 A 
T R t 6 2 A 


ib'ipwn -n:n tin Nsn: 7.? 


:Nin ’bbDn o-un 


:N>n B -i A ya nbipwn nnwnnn 


U A B = I RaB = 2 (2 + 2) = 8 V 


:Nin B -i A ya nnon 


:nnot32 vyorrønb in’: nriN nNbib bvy b^yan 7.10 


Ee = E(I-R) 

6 + 4 = I-(l +5 + 4) 


,= 10 = 1A 
1 10 1A 


6 - 4 = 1(2 + 2) 


I = f = 0.5 A 
4 


12 + 4 - 8 = 1(6 + 2+1+4) 


I = ^- = 0.615 A 
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7,11 


R T1 = n-R :H>n nbipon imonnn 
:n>nn nbipon mmonnn b’apna onon tin nam on 

Rk“R RT 2=f 

= SR _ n 2 .-nid ono>a omn 

R X 2 R 
n 

.nioa imojinoo n 2 >3 mop b>apoa imainnn pbi 

rninn n>n> 220 V bo nnon mpnb *1103 nrmn >no tin nam on 

.110 V nnunn hhn ba by 


:Nin moa omn mna poannoa .n 


I T = —£ 


40 


R a + Rj 60 + 20 
P = PR = 0.5 2 -20 = 5 W 


= 0.5 A 


:Nin poonn 


:N>n nbipon mmonnn noo pooonoa .3 

Rt ' = 20 + 40 = 13 3 ° R T = 13.3 + 60 = 73.3 n 
T e 40 -Min biyoa omn 

T = = 73 ^ = 0 545 A 

by nnon nino npon nnn Nin Nin 20 q bo tun by muan 

TT „ „ :60 £2 bo mon 

U — e - I-R = 40 - 0.545-60 = 7.27 V 


D U 2 7 27 2 
P= R- =^ = 2 -64W 


;Nin paonn 


(yn’ Nb mon 317 omn >a if poon nnooa oonoi) 


7.12 


7.13 
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i:m ontn m i V Hin 4 Q irø *r»n !?y nnnn on 


U) 


7.14 


I = 


u 

R 


\ = 0.25 A 

4 


:N171 


:py .1103 iPn mnon >iwn uin in Din os nt 
U AB = I RaB = 0.25 (4 + 2) = 1.5 V 


nmpin i»a nnon dj niti 4 n Pw toti 5y nnan ( 2 ) 

.B -i A 

:niti i»apm o’Ton noitio ’pw ^ipwn *nin (3) 


= 1 + 1 + 4 R T = °- 44 0 

:Kin iom ontn p^i i V Hin v!?y nn^n 


I = 


u 

R 


1 

0.44 


== 2.25 A 


:Kin B -i A yn nroon 


U A B - i r ab = 2 - 25 *( 1 + °* 44 > = 3 * 24 v 


:Kin 8 fl'14 o i>vy !?ip\yn -nn 


(4) 


R T' - 4% - 2 67 " 

:Nin isn min pPi i V niti rPy nnon 

1 - ^ - 537 - °- 375 A 

.2 o n i Q !?ip\yn i>jn rn onn o> int 


Rt" = 


2-1 
2 + 1 


= 0.67 n 


:pb 


U AB = 0.375 (2.67 + 0.67) = 1.25 Y 


A 4fi 

ir^vW- 


Rt 


;W i?)y»n an lian:) 


( 5 ) 


R 20 

S-VvV— 
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Rt' = 4|| 1 = ^i=0.8tl 

:4 n i>in 711 Ditn Nin oitn 


I= r = i = 0 - 25 A 

:Nin B -i A på nnan 

U AB = i r AB = 0.25 (4 + 0.8 + 2) = 1.7 V 


.b’apna o+toti mm dk nam yi\(wn abwa 

r t- - rh - 1 n 


Cl) 


r t-- rh~' na 


:o>bipwn o>i33n dn b'apna nam «v abwa 

-L. = _J_ + _i_ 

R x 3+1 1.33 + 3 

:Nin bipVTl 11371 

r t = 2.08 n 

nrøa onaina i ci bv ohmh rwibv ( 2 ) 

:3 ci bv> 133b b’apoa namo onbv bipvn 


ronmin OH3371 «wb m\?a naino bipwn 
3 + 1.5 + 3 = 7.5 n 

moa onamon oh« bw min >3W (3) 

R X ' =2 + 2 = 40 R X " =2 + 2 = 40 

:b»apoa o>naino o’bipwn ohiid 

_L_ + _J_ _ i + I = I 

R T ' Ry" 4 4 2 

:onjiun onnn nua laino orfirø inpun 


Ry' = 

Ry = 


7.15 
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R x ==3 + 2 + 3 = 80 


mrø onaina 5 ci 5 o o>-r»n ’rø ( 4 ) 

r T ' = 5 + 5 = 10 n 

:io ci 5 o *r »5 5 >apna -oino on 5 o 5 ipon 


R x = 


1010 
10 + 10 


5 n 


moa onawn d’tjj 5 o unit 00 ( 5 ) 


1 + 1 = 211 


:i n 5 o t«n ov 5 ’apna lama ait 5 a 5 o 5 ip^ 


1 

Rf' 


_J— + i + —1— 

1 + 11 1 + 1 

:onnm o’-nin 00 ov 


Rrp/ = 0.5 n 

-vioa *ainn 5 ipvun 


R T = 2 + 0.5 + 2 = 4.5 n 


4 ci 5 «n 2 : ci 5 o on»n 00 .npimn nnpu o> 5 »nna ( 6 ) 
2 + 4 = 611 mon onainD 

-.6 ci 5 o -t »5 5 >apoa -nina on 5 o 5 ipon 

R r-<rnr’ n 

:4 n 5 o to 5 -ooa nainn ort>o 5 ipon 


:5 n 5 o i >35 5 >apna aawa on 5 o Ptpon 
r T" = 5V5 = 2 - 5 n 

: o>-mun on»n >305 -003 -oinn on 5 \y 5 ipon 
R t = 5 + 2.5 + 5 = 12.5 ft 
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aaina onb\y bipwn >apaa onnno o>*r« bw mut avn 


(i) 


7.16 


.•Kin bipwn 7 i 3 n .10 o bv 71371 oy maa 


Rt 


8-12 
8 + 12 


+ 10 + 


6-6 
6 + 4 


I T = 


Rt 


12 

17.2 


0.7 A 


17.2 o 

:K , in o-un 


2 n t)\y D'um >i\y .nnoTi mpaa pimn 7371 a o>b>nna ( 2 ) 

2 + 2 = 4 n nwi onainn 

4.4 

■ 4 - 4 = 2 n :4 c b\y 711 b b'apoa bipwTi 

2+2=40 :2 n bw 7i:b nw bipvyn 

~^~ 4 = 2n :4 o bvy 7i3b b'apaa bipwn 

R-p = 4 + 2 = 60 :2 o bw 7i3b man bipv /71 

i T = -J- = 2 i =4A :niti Q 7tn 

Rt 6 


3-6 
3 + 6 


2 0 :3 O 15 ^ ^np»a -nina 6 Tun 


(3) 


2 + 2+1+2 = 70 :o>i« nvniwi? -noi n:nna !?ip\yn 
1 -.1.1,1 :4 O OH>:> ^ipttl inpwn 

Rt' 4 4 7 

1 R t , * 1.55 O 

Rx = 1.55 + 5 = 6.55 O :5 -noi inprøn 


l T = 


e 24 
R T 6.55 


= 3.66 A 


:Nin D'nn 


R T ' = 4 + ^2 + 1 = 6 O Oi’^yn pbna ( 4 ) 


— = ^ + 7 + ^ Rt" = 0.5 O .-ymnjiTi pbna 

Kt^ z 1 z 

0.5 + - 2.9 0 

4 + 6 

6*2 9 

r T = g + 2 9 = I - 955 n! :b>apaa onaino o>pbnn > 3 \y 
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:nid inpvyn o-nn 


It — 


6 12 
R x 1.955 


= 6.14 V 


J--4 + U 1 


Ry' 4 4 2 


.bipwn T«r> dn ba orip nsbi (i) 

:b’ap«:i onaina omi nvnbvy 

Ry' = 10 

:i o bv> *r»b *n\?a *oino nnbw bipwn 


R t = 1 + 1=20 


‘T-^r-f ■= 10A 


:pb ,nid biyna Pban mtn 


vby nnan pbi i o bv> rai o*m io A b\y iikkkw o-\tn 

:N171 

U = IR = 101 = 10 V 

:(20 - io = io) io V nid di b>npna o>i«n nwpiy by nnon 
10 


h = h = x - 25 A 

I, = 4r = 5 A 


:Nin onsinn -rnN ba by o-itn 


rh-in 


:bipv>n min ro* nsoi 


( 2 ) 


r t- 2 * 3%- 4n 


It = = ¥ = 3 A 


:Nin b:\ym >bion ontn 

_ = 1 Å 

R x 4 

:Nin vt?y nnan .2 q bvy p!?yn *nn o“)tn ini 


U = I-R = 3*2 = 6 V 


:Nin o>tud “ww !?y rmnn ,pl? 


U' = e - U = 12 - 6 = 6 V 


7*17 
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*1 = 6 ~ * ^ :Nin il o*nn pbi 6 o b\y non by nnnn mt 



i A b\y on? om? 6 Q b\y imi 3 A Nin >bbm on?n on 
** = *r - = 3 - i = 2 A :2 A Nin >3\yn *pya on?n nn 

.o>iw on«n >ivy\y ^ivio o>ii\y o>on? >i\yb b^ono l 2 on?n 

h m ! 4 = 1 A OPb 


R T' = 5 + 5 + 5=150 :bipvn 13371 TIN N203 


(3) 


RT = 5+ i3 5 ri5 + 5 = 17 - 5n 
_ _S _ 35 . 

1 P i «y r 2 A 


:Nin ppan omn 


Ry 17.5 

rmon pbi z A Hin nnon mpob o>anpn omm >nu 3 men 
:Hin b>ynn inw by nnon .10 V Hin on» *rnn bo by 
U = e - 10 - 10 = 15 V 

mn b3i ontn isn n>n nmimn o'oiynn nnn b:>a\y iivdq 

.1 A hid o’ajyno 


R T'= 5T4- 1-33 0 


Pipvun 133D nN N203 


(4) 


R X = 2 + 1.33 + 2 + 2 = 7.33 O 


I 


20 


= 2.73 A 


:Nin >bbm om 


R x 7.33 

:Nin >^Nnn bayoav 2 q bw on^no iHN bi by nnon 
U = I*R = 2.73*2 = 5.45 Y 


1X1 



:Nin (B -i A jvmpjn ya) )opn Payon Py nnnn ,):>P 


U = 20 - 3-5.45 = 3.636 V 

:Nin <13V PD3 Olin 

I x = == 1.818 A 

I, = = 0.909 A 

2 4 

R T = 4 + + 5 = 10 n 

1 2 + R 

=1 -> 2-R = 2 + R -> R = 2 ft 

2 + R 

R x = 5. + 10 + R = 30 n 
1.5-R = 20 --> R = 13.3 ft 


SE = S(I-R) :JinN D3’3V Pyn Pjyan 

24 - 20 = 1(4 + 1 + 4 + 1) I = = 0.4 A 


U = e - Ir 


:on o’pinn »rma 


U x = 24 - 0.4-1 = 23.6 V 
U 2 = 20 - (-0.4) 1 = 20.4 V 


:P>yK>a min tik kisbP nn nnn hnPiP Pyn pjynn nnom vynnvw 
Se = S(I-R) 

24 + 18 + 20 - 2 + 20 + 8 = 1(1 + 1 + 1 + 10 +1 + 1+ 4 + 


I = || = 3.67 A 

24 


7.18 

7+19 

7+20 


7+21 

1 + 4) 


:rn*np3 yi nnnn nnpm vynmn 
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^AB - S(I-R) - S« = I- ER - Ee = 3.67-1 - 20 = -16.33 V .n 

U BC = 3-67 (1 + 10 + 1) - (-2 + 20) = 26.04 V .1 

U CD = 3.67-(l + 4 + 1) - (8 + 18) = _ 3 . 9 g y j 

U AB = 3.67-(4 + 1) - 24 = -5.65 V .7 

p* 11 mw nvnb 7 ion a>nnon nvniN dco) 
(pvn van) niw ipn niNjonn 


;Nin wi Dun m 2 v niti 4 n b\y ™n by nnon on 

i } = £= | = 0.5 A 

2 :N1n * ^i 7071 2 7»D 777 07tD 

* = 2 = 1 A 

1 = r i + h = 1-5 A :Nin 3 Q5» 7 m D7tn 

U = I-R = 1.5-3 = 4.5 v :Nin 3 o b\y 7 wn by nnon 
U = 4.5 + 2 = 6.5 V ;Nin ii>byr> pbnn bon nnon 
^*mnnn pbnn bm nnnb oa nnvy nn nnnn 

i? 3*6 

Rt ' = 1 + 2~+6 = 1 + 2 = 3 n :Nin rmnnn pbnn bipwn 7«n 

I _ __LL_ _ 6.5 


R-p- 


= 2.17 A 


•nid )innnn pbnn ontn ,pb 


7.22 


U = I R = 2.17-1 = 2.17 V 


:Niri i £2 bvi 7 >in by nnnn 


Ji>!?b3n nnjjnnnw N>n niyovyon 2.s »o nbiy >bbon 


Q7tn ON 


4 + 5 + R = 2.5- 


4+ j(5 + R) 


5 + 5 + R 


7.23 


9 + R = 10 + 12-3(5 + R) 
10 + R 


:nnoi33 DNI n>3» .2.5 >3 ro\?p 

1 R 2 + 9R - 10 = 62.5 + 12 . 5 R 
R 2 - 3.5R - 72.5 = 0 
R = 10.44 n 
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7,24 


n o>pm mim .».ron rrwpøn nnoun 


U * 


€-R 
R + r 


16 


€•10 
10 + r 


14.5 


:onp>æn \i\y m 

€•5 
5 + r 


160 + 16r == 10*e 


72.5 + 14.5r = 5*6 


r = 1.15 n e = 17.85 V Jiwiwon >J1 v^)2 


P' = p rwrø* k!? mwi by rmnn .k 

:pbi o».w >0 mwi by rm»n ,a 

fu] 2 

_ i y±_ l 2 J _ i U£ = P 

” _ R - R 4 R 4 

p tot = 2P : 1 WN "' ri mpna .J 

2-p p :^\yn mpDn 
P tot = ~ 4 ~ = 2 


R t = 1 + .i 0 ’ML = 9.57 n 


*T = 


20 + 15 
12 


:nbip\yn nvrMJinn tin iwmn abvo hxw 
:Nin bpna 'bbon cnm 


= 1.254 A 


R-j- 9.57 

:(n'»>ia nvr«nn K>n i nbw nymnmw nroro) o'p-rnn nna 

U - € - Ir = 12 - 1.254-1 = 10.746 V 



U_ 

Ri 

u_ 

R. 


:Nin D>D3vn»3 triN bDi mtn ,pb 

10 -^ 4 £ = 0.7164 A 

10 -^ 46 = 0.5373 A 
20 

:kid nnwrø nnN b:n Pdpdd 


7,25 


7,26 



o’Ton 'iraw vni aamon tm n>n> Po'oaon pounn 

o» 3 \y >o )\?p o-)tn on ,o» 3 w »3 i\?p oat n»n> i»apoa onamon 
P' = || j 2 -R = i pr = ? :ya ‘ 1N >a 1°? paonn 

*mN i>ao 15 W -i -rnNn *mn io 60 W rvn> >Wan papnn ,pb 

9 p , :b’apan o’aainan onaino 

Ptot = p+ = |P = 90W 


:o»m>n o>cnP mnw in'i 'iwjon ab\ya 



(1) i 1 + i 2 = i 3 

10 = I 3 10 + Ip(4 + 1) 

( 2 ) 2 = 2-13 + 13 

8 = IOI 3 + I 2 -(6 + 1 ) 

(3) 8 = 10 I 3 + 7-I 2 


:<lina*i>p 'jv D>onn pino 
(ABEFA) :niWNT na>xv 


(DCBED) 


:D'3V!< na'iv 


:N*ai nwtwnn wpwo 
I 3 = 0.71 A ; Ij = 0.13 A ; I 2 = 0.58 A 


.•o'onn >a!? ninw )n>i )WNan ai>pa 


C l0ft A jov 

if $ 6n io4 

1 |_ LOV 


B 10ft D 


7+27 


7+28 


7+29 
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(1) Il + I 2 = I 3 

10 = 1^10 + Ij-5 

(2) 2 = 2 I 1 + I 3 


10 = 5-Ij + 10-I 2 


(3) 2 = I, + 2-Ij 


ro’Kntn pina 
(BCAB) : ™ wto 


(DAB1D) 


: 7 l’ 3 Vy m> 3 V 


:on o’oifn 


I 3 = 1 A ; I 2 = li = 0.5 A 


U AB = 5-I 3 = 51 = 5 V :N17I BP A l>a nnan 
U CD = U CA + U AB + U BD :N1n C D l' 1 njV3n 

Urn = 0.5-10 + 5 + 0.5-10 = 15 V 

A in ^ sn F 

4—-va—• |—wv—? 


y VVV— 1 i vvv 

4 n in iov 
B 4 ~ j VvV-H^—Wv—i p ► E 


in en 


(1) I 1 + I 2 = I 3 


10 - 8 = I 2 -(l + 4) - 1^(1 + 5) (ABEFA) 


iTOWfO TO>3>> 


(2) 2 = 5-I 2 - 6-Ij 


10 + 15 = I 2 (l + 4) + I 3 -(6 + 1) (BEDCB) 


:;VDW ranv 


(3) 25 = 5-I 2 h- 7-I 3 


I 3 = 2.482 A ; I 2 = 1.533 A ; I 3 = 0.944 A :Nin )nn>£>n 


um oitn nn 2 V nid io o 'yv ron ’yy nnan dm 




vPm onainan 5 n 'yv omin rn m cntn ini pb 


U CD = 2-(0.2-5) + 2 = 4 V 


:mit) D 'i C ya nnon 
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.i’apoa oni>\y !?ip\yn !w nainan 5 n 1133 nnon 03 mt 

T _ U CD 4 . . . ua I 4 cntn 

1 4 — r ~ c ~ U.O A 


^2 ^3 + I 4 - 0.2 + 0.8 = 1 A :NW I 2 oitn 


V Nin l 2 


A *~f 

DDl mirø 5 Si'PV D’133n ’ 3 W ^ 



nran 


:Nin F -1 E yi nran pin ,inN 
U EF = 5-1 + 4 + 5-1 = 14 V 

Ii=y=2.8A :Nin I, onm 

1 = + i 2 = 2 -8 + 1 = 3.8 A .nid I ontn 

U AB = 5-3.8 + 14 + 5-3.8 = 52 V :Nin B -1 A i >3 nran 


. 5 ’apaa onainon 0H33 nty \y> 10 12 i?w 733:? ^>ap;oa 
20 + 20 = 40 n 5v> > 3 v;m 5 + 5 = 10 n p\y mNn 

.2 V Nin onn *rnN ba nran 

;Nin 15 12 Pw 1333 '»31 Qm 


l -w* 


å* å‘°- 45A 


U = 0.45-15 = 6.75 
:i» 3 po 3 onamn oPPoon nw w -|ivan 
1,-20 = I 2 -40 I 1 + I 2 = 


V :Nin I33n nran 
.ijnonoo.45 A!?\yontn 
0.45 


( 2 ) 


Ij = 0.15 A ; Ij = 0.3 A ONoai 
U = 0.15-20 = 3 v :Nin 20 li i33n nran 

:Nin B -i A i >3 >bi>an nran 
U AB = 2 + 6.75 + 3 = 11.75 V 
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(3) 


PTT >bbD 7 i o-rtn pbi 2 V wn C -1 A wnpn nnnn 



2 A 


:Kin 


.-nvn onamon s Q n 3 Q b\y onaan tvt ontn vn 
:nin E -1 D nnip^n pi nnan 
U DE = 3-1.2 + 2 + 51.2= 11.6 V 

:Nin iinnnn pt>ra inpwn i»n 

_ 3 _ =1 + 1 + 1 r T ' = 1.54 n 

Ry' 5 4 5 


R t = 6 + 1.54 = 7.54 O 

:Nin °^ n 

LlM.,538* 

U D p = 1.538-6 = 9.23 V :Nin 6 Cl bw -nin by nnoTt 


U EF = 11.6 - 9.23 = 2.37 V :Kin F’lE yz nnnn 

:Min 4 n N’n nbipvn jmaMinn nw ’ysmn pbro ontn 

I = = 0.5925 A 

4 

:Nin 2 n bv> ron by nnnn 

U = 0.5925-2 = 1.185 V 

? U AB nnan ma 
. E rvnpin i« 6 V bv> vnom N»n A rmpin 
inijo on’jw .E rmpiTi in i.iss V b\y vnaro n>p b rmpin 
livpa >ibJi ,i 3QQ o»roi> on’iw w E *a d'pwji on'iw) ovt’pn 

:pb .(biyna o-un 

U^g = 6 - 1.185 = 4.815 V (ym li'N ia>P70 
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U) 


7*32 


H-VW- 

i 


R 

-AA/V 

2 


AA/Wi 

3 


B 


.manrøa Jivnpi >m> \y> oh« >w PaP 
(B) D -) (E) A imipjn 2 'i i on«P 
(E) A "1 (D) B nVTipn 3'11 DH)P 
(D) B -i (A) E nnipin 3-12 on«P 
on«n nvnPv Pa P\y >p>apa -na>n owa nid -na>nn pp 



oPtomoian vnan >a oat out nP »ysoNn *rm ( 2 ) 
:itiin PoaP ,pp ,yi»j .von nid vPy 

2R + 2R “ 

D -1 C inv im nmipn Ntaim ioa ( 3 ) 
V3 o’Ptoaioian vrian .oat out nP 
R on»n Py o»:iwP pPrmo B -1 A 
.oPiPoon «wo mN Paa 
:inw p\?ap iwaN pp 



AAAr 


-i- = i- + J_ + J_ 

R t R 2R 2R 


1CX 


4 

2R 


R „ _ R 
R X - j 


:o>wpwano mK Paa 


(4) 


:onPK P>apn mNi 2 R noa oh« 2 
= 2 

2R + R 3 


Rt' = = l R 


:D>\ypwo «*y ix paa 


R X " = r = h 
1 3 3 


1 
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R + | R + R = 3.33 R 


:Nin D’y’ja linwi 

>w tih D'iinan onwn 'jwi 
out n!? o’npo'pn oPiiipon 

.DJ11N b\?3b *1P3K1 0*1? 
:VWDV w tn^PO t>33 
:Nin 3ipvyn uon 


n 3.33R-3.3R _ I sy t> _ 5 p 

R T = 03R7T33R - 167 R - 3 R 


mpo 3 5>nro .tnpwn urn dn o>3i>P3 nsdo ^wfo 3i>P3 

:-ilP3 o>-i3ino i Qiw o'*t» ’w .nroan npno npinnn 
1 + 1-20 

2 + 2 = 1 n :2 o i?\y i!>3pa3 on 

1 + 1 = 20 :i o 'yv -r«i? irco inppn 

2-2 _ , o :3W .2 o 3\y 3>3p»3 om 


i>p *r» oy mo3 i o !w -t» p> ynnNn 3l?P3 .<iion -ry pi 
R t : =l + 2 = 3fl 2 O 

:Kin i»yo3 PPn ontn 

■- éf* i* 2A 

^ywon t>y rbipvb irpo 



7.33 
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.nid ipy nnnn p5i PPn onn mit G -i H pa 


U HG = 2 2 = 4 V 
U AG = 6 - 4 = 2 V 

li = | = 1 A I 2 
U AB = 11 = 2 V 
U BG = 2 - 1 = 1 V 

I 3 = | = 0.5 A 


:Nin G ■) A pa nnon 

;on I 2 -i l 3 o»onn 
2 - 1 = 1 A 

:Nin B -i A pa nnon 
.nid G 'i B pa nnan 

:nid Ij om 


;pt> .1 Nm’i l 10 -i i 3 i t o'ojai G noian 'ph 

1 — li + I3 + I10 

2 = 1 + 0.5 + I 10 
UpG = 0.5-1 - 0.5 V wn G "i F i»a nnon indo 

.•Nin F -1 B pa nnon 

U BF = U BG - U FG = 1 - 0.5 = 0.5 V 

n :p^ ,Nin I 5 om 

I 5 = ^ = 0.25 A 

;<B nmsn >jp) nid I 4 oan 
h = I 2 - I 3 - I s = 1 - 0.5 - 0.25 = 0.25 A 
U BC = 0-25 1 = 0.25 V :Nin C -i B pa nnon 

••Bin F -1 C pa nnon 

U CF = UBF " UfiC = 0-5 - 0.25 = 0.25 V 


I 1n = 0.5 A 


I 


6 “ 


0.25 

2 


= 0.125 A 


:Nin I 6 tn?n 


:(F nmxT) Nin I 9 om 
h =: J io - h ~ r 6 = 0.5 - 0.25 - 0.125 = 0.125 A 
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U EF = 0.125-1 = 0.125 V :Nin F '1 E i>n winn 

:Nin E -i C pa nnon 

Uøe = Ucf “ U E p = 0.25 - 0.125 = 0.125 V 

1 7 = ?!4r^ = 0.0625 A :Nin I 7 cntn 

:(C noiiin »ab) Nin I 8 cntn 

1 8 = h ~ I 6 " h = O- 25 " °- 125 " 0.0625 = 0.0625 A 


,\?røa >*n\? b>yow> o'nina o>pt>aon ba avto .k 
: fon nbipwn jvn»mn 
R x = 5 + 5+ 10+ 2 + 8 = 30 n 


30 , . =Nin >bban o*nn 

It R t 30 1 A 


7.34 


onnina 8 Q -w Q bw on«n ,-iuø S : pddqd .a 

:io n -i 6 n bw o>-r»b b’apna 

r t- - -rerf« - 615 ft 

:*>n ninpY>n nrmnnn 

R x = 5 + 5 + 10 + 6.15 - 26.15 n 

:n in ontn 


I x = 


30 


== 1.147 A 


R x 26.15 
umoiwn >n\y !?:*£)no ontn 


I x 10 = I 2 -16 


I x + I 2 = 1-147 A 


I x = 0.706 A ; I 2 = 0.441 A 


mm ^nn>Dn 


’pim vrmvrf? i:>t?y onrø S 2 "i S A Q>ppoEn n\y*D .a 
.ni?Kwn n* mno'i? <vronv 
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(1) I = I x + I s : 0 >Kntn JlINITOO 

(2) I 2 = I 3 + I 4 

(3) I 1 + I 3 = I 5 

:jrn>iyn niNirøci 

(4) I 2 -5 + Ij-10 + I s -6 - Ij-5 = O (BCDEB) 

(5) -I 3 -6 + I 4 -2 + I 4 -8 - I B -10 = O (EDFGE) 

(6) 1-5 + Ij-5 + I B -10 == 30 (ABEGHA) 

:Nin ynrpan 

I = 2.143 A ; Ij = 1.508 A ; I 2 = 0.638 A ; I 3 = -0.335 A 
I 4 = 0.973 A ; I s = 1.174 A 

o'aitn riK «iinan»p >pin jntya kxzo 7.35 

^1 + *2 = ^3 

20 = 1^1 + I 3 -20 (ABCDFA) 

12 = I 2 1 + I 3 -20 (BCDEB) 

I x = 4.3 A ; I 2 = -3.61 AI, = 0.78 A 

nid o’p-Tnn nno 

U AF = «i ~ IjTj = 20 - 4.39-1 - 15.61 V 
U BF = S " l 2 r 2 = 12 " (-3.61-1) = 15.61 V 
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.orvrøa piaa nm o’pinn rmo 


(l) l 1 + l 2 = l s 


:N’D Q’Knm TlNIWfl .N 7.36 


:on nianyn Jiwwa 


8 - 6 = I 2 -l - I 2 -(l + 5) (AGCDA) 

(2) 2 = Ij - Ij-6 

D 

10 + 8 = I.-l + I 2 -l + I.-10 (FADEBF) E 


(3) 18 == I.-l I + I. 


:Hin )nn>3n 


I 3 = -0.072 A ; I 2 = 1.566 A ; I 3 = 1.494 A 


:on o>pinn »nrw .i 


U C g = 6 - (-0.072)-1 = 6.072 A 
Uda = 8 - 1-566-1 = 6.434 V 
U GF = 10 - 1.494-1 = 8.506 V 


U AB = E(I-R) - Ee 


:nncui vnnw j 

:ADEB PiiPl 


U AB = Ij'l + I 3 10 - 8 = 1.566-1 + 1.494-10 - 8 = 8.506 V 


E« = E(I-R) = 1 - ER m’iy w nvio puoan ~mno .h 

12 + 15 - I-(l + 10 + 5 + 8+1) 


I = |I = i.08 A 


U AB = E(I-R) - Ee = -1.08-1 - (20 - 15) = -6.08 V 

nno pooon *wnd .3 




(!) h = l 2 + I 3 


:n’ti o>antn miwn 


:p D'nnan nwiwn 

12 + 20 = 1^(1 + 10 + 5) + I 2 -(6 + 1) (FGHEF) 

(2) 32 = 16 I 2 + 7 I 2 

20 - 15 = I 2 (6 + 1) - I 3 (l + 8) 


(3) 5 = 7-1, - 9-1, 


:on o>n-un 

li = 1-493 A ; I 2 = 1.152 A ; I, = 0.341 A 


:Nin o>p-rnn nna 

U AB = V 1 - I 3' 1 " (20 - 15) = -4.189 V 


(1) I 2 + Ij = I 3 :N>n D’KHfn TINIrøEl 7.38 

On D’nnnn niKiwa 

30 - 15 + 10 = I 2 .(l + 20) - I 2 -(l + 10+1) (CDABC) 

(2) 25 = 21-Ij - 12-I 2 
30 = Ij-0 + 20) + I 3 -IO 

(3) 30 = I 2 -21 + I 3 10 

:on o'onn 

I 2 = 1.048 A ; I 2 = -0.249 A ; I 3 = 0.799 A 

:Nin mm poonn 
P = I 3 2 R = 0.799M0 = 6.384 W 



i 
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■ 

4 

S 3 _ 1 

' 5. C 6 ‘ 


E 

2 

3 

W - 


(1) l! = I 2 + l3 

:A ]n 

(2) I 3 + I 4 = I 5 

:B nnw n 

(3) I 5 + I 2 = I 6 

:C naisn 

20 = I x -4 + I 3 10 - I 4 -5 + 1^1 

:ABDA 

(4) 4 = I 1 + 2-I 3 -I 4 


(5) 20 = I 6 -3 + I 4 -5 + I 5 -8 

:CDBC ro>3y 

10 = -I 2 (6 + 1 + 6) + I 3 10 + I s -8 

:CABC nmy 

(6) 10 = -I 2 13 + I 3 -10 + I B -8 


I 2 = 2.074 A ; I 2 = 0.96 A ; I 3 = 1 

:OH CPEHtn 

.114 A ; 

I 4 = 0.3035 A ; I B = 1.4175 A ; I 6 

= 2.3775 A ; 



- 8 j ?*10 


’h v)m 

■ 8.1 nionvy bivan pro .1 

onfn dn tob >bNi>N noanaoN nio* not nanb -pn* p>n .n 

ibivna >bban 

onfn tin Tno>w »bN’nw noonaoN nNn> nm nanb -pna p>n .a 

?20 ci bw mia 

nna tin *mo>w Pn>i>n nonobn nNn> nai nanb -pn* p>n .1 
24V ?biv»a op-rnn 

, 1 n 


8.i nvK 

. 8.2 nvuavy bivan pro .2 
.1 A >bK>n>Nn noanoaio ontn 
nvw nmna nooobiin n*n> na .n 

?R min rmiinn >na .a 


8.2 ni>n 
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.8.3 -n>*ivy biyxP min« i Q innnmv* 7omo»N 


.3 


n'on-vmHT) r>N“p na 


7 )in t?y nnæn m to«i >iwn>N tobvPti r>N 7 > nm mtp in* p>n 

tio q !?\y 


10 n 




.K 


.2 


8.3 21>* 


.o>nt onxin uvi .8.4 -n>*i\y nimo 1000 n i:nvninn\y -røjaolm 
:i? o>iw onain 2\y?o AC nmpii 72 in> qn 7 v?B\Prin riN 7 > dq .k 

n o U 

uooo Q (2 

:b onrø onain -WN2 AB nmpn -nin> on nonvPnn n»o> na .2 


24V 


?1 O 
UOOO Q 


(1 

(2 


8.4 ni>* 

P ninl? in* 7)i m>N .10 mA 5 v mno omn 10 n wminnw nomooNb 
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u A n>n> mnan oinrw >72 mi* iunii 



ib mnb *pm dj .s v bv> m’ia oinn 1000 n inniinrTO "waDbiib .6 

>20 V rt’n> n*p*ran Diniw >73 mis ipnii 
oidti bu nao 'o .0.05 o biy 7 >i b’npan na in i o mi7iinnD "iDanoaNb .7 

namoaNn bw m>*rnn 

oinn b 71 nas >3 .100 Kn ba 711 noi nam 10 Ko inrowinw -iDaabiib .8 

’-ioaobiin bv» mnon 
1500 n inminrrø noaobii .9 
. 5 V riNnni i«b *n\53 *i3in 
min nnunn ’na 



8.5 71’3 



8.7 m>s 


bvy -pyn rmnb i'ns na .10 

DKb oimny R ron 
oon nvnb naauiibin 
.8.6 ni>S3D biyaa 


V3 pn’n nvnb pns na .11 
naaunbib oini’D r 2 -> r : 

8.7 ni'sniy bivan don m>nb 
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Popna -priN -jnni n-pn* jptnio nrmnn ^yn b»n nnoa i m ianiN\y bino !?y .12: 

pdn nmn nuaiiiibin ,yrt> ’nba ’iiym is £2 Pw mKn .oma 2 mm vPn 

.( 8.8 -\va) 30 cm rvn AB pnuan twjo 
’R nmannn ma .h 
? o»a\y >3 Pm -na R oipna iza'\y> on AB pmnn n»n> no .a 
?onponta *Trw ban is n Pw im om mn .» 



'a rym 

-nap min s n inrtaanrrø -lPKnomo 1000 n wmajvro noooPii . 1:5 

.1 A dnio ipanaoNn .(8.9 A nvs) 
noaiaPiin nNin no .h 

?iaan nnaann >no .a 
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*m>nn mm onama vn on -lomooNni looolnin o>n*io vn no 


H 


^AVn 

24V i n 


|—W\rØ-| 


»( 8.9 B nvs) .n> 3 wn 


8.9 B nvjf 


DN-irn 8.10 *>im\y ioyaaw AB nvnpun iain 1000 a invrwnrw -»vjooim 


.5 V 


e 

500 n 300 n 200 n 

•—W\r~«-AAAr^^AA/V--* 


?AD 2nipo2 2212* on 2N2> 20 
?bc nrnpn 22 in> on 2N2> 20 


.N 


.2 


$.10 21>3 


( 8.11 2V*) . 0.2 A 2N221 4 Q 'iV lift 2102 2210 4 Q 121X0220 2OJ02DBN 

n W t>0 *r«> 2102 2212> ON 20D2D0N2 2N2> 2)0 .N 

zrman 2ipoi? 2212> ON 20D230N2 2N2> 20 .2 

?2202 2ipo!? t?>2pn2 221fV ON 2\0O2DON2 2N2> 20 J 

.6 

- [ - 

4 0 

—VW—(a)“ 

2 0 

MAA/- 

S.ll 21>3 
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o>p-mn nna tw< ma>vy na naoplni nanl? -in* p>n .8.12 *\v*a\y Piyan ymi 
nnina onpana tnn im noaoinm n?o' nai mian nmpaa inn ba 5v 


.16 


I-, - ] .'^M’T’N Ninw 

UO y in ] 4n ! 5V in 1 
H 1 —WWAA/V^-i |—VW^- 

2 ft 2 o 

1 -~VW-WV- 

8.12 -n>* 



1 A tv nnNn .niPpo >m> loaianK^ 
.10 A ty mivni 
50 o -ivjaimPiTi nminn 
.1 mA iptt >!?a>paon omm 
•r*'an jvniinn ’na .n 
tonpana inN ioa 
noowfcii omn ok .a 
nKm na ,0.3 mA Nin 
’onpana to baa noonooNn 


.17 


24 ft 



.8.13 B n>*a\y PiyaP iaina lomoaNn 
nrfcpono nnn iaa loanoaNn n»o> na 


.5 
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.18 


i V Ty nmn .nii>po >jto 



.10 V ty rviv/ni 
so q -røauiibin nnainn 
•i mA tm >^a>P 3 »n cntm 
in'on nminn >nn .n 
»onpona irn !?:>a 
-roniniyia tntn on , a 
n*o> nn ,0.3 mA nid 
’ onpnna in« boa ->o»\?!?vtn 


500 n 1000 n 
r-AW—|—VWn 



.8.14 B -msivy 'jyyyfr nain» aoooinin 
?ntøpt , no t)uh ioa hk^v no 




8.14 B nvs 



8.15 aooobnn dki> næ 

?^Nn>N Km OK .K 

?5 Kq k>h :n>ovian wmmi ok .1 


.19 
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8.16 -\vnaw -loianaoKn nm> nn 


12V i n 

[\H ^AV\q 



8.16 nvif 


KVI OK .K 

15 q Km n ^minn ok .i 


o^ri >ipni i o m>n xoo n im*niTmvy nomin^ 

.2 mA Km noouiton 
nt?vy ttptoti omn men Inpnnvy -vrøon m» .k 
? rrTH»n omn r*p:i rvwn nmn rrø 5% -i yop rrøyn!? nm *r«n ok .i 
rmtjon om -rønnar»ft ian i»ap>aa o.s a yv -tm ft nw *rønuift> 
omnvy nomftift -pan' noa soo Q t>w *t« noKmiftm ijiik;> -nirv ok .1 A 

.1 V ft\y rrp-ton 

n\?omftin 'yv n'onan inminn ’nn .n 

na ftn>oann om inn .a 

Jiniinn ok "voniaiftia ontn om tik njnnaciKn b'aa' ia o*iun n*n’ nn 

.2 Q -rmon nnmni 40 il K'n nvouiftan 
?o .2 mA Kin -waninftia ontn ivyKa k 

»i mA Kin noomftia om -røKa .a 

nrninn ok -lomnftia ontn om hk *\v>o\ftnn b»aa> ia onun n>rr> n>a 

.500 Q la’Dn ni-raiiini 40 Q K’n nooiiiftsn 
?o .2 mA Kin -wiaiiiftia omn *wkd .k 

u mA Kin maoiiiftia om n^Ka .a 


.25 


.DDM om o>Nna onoounbin a\y . 8.17 nvmo bivan -pro 

?R 2 -i Rj ona .n 

?biv»3 »bbon omn mo .3 



iion onoaunbin .3 q N>n AD b’nn nmim . 8.20 m>m\y bivan ymi 

.10 cm n>n CD pnnan nw?o odn 



?X *rnn mo .n 

;AB pman ma .3 

?b>m omn ma .1 


.26 


8.18 m>s 


I 
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, i n 

I h-A/W i 
(a) 10 n 


20 n 

-AA/V J 


nvsa iNina ninan *p\ioo oy !nyon .n 


R = 1 + = 7.67 fl 


:N>n mTunnn 


20 + 10 

:Nin /røjnaoNn n*a>v> o-^n ,^b:>n ontn 


I-r = —— = ^ = 3 13 A 
lT R t 7.67 313 A 


nvio nNinn rnnan 'Vyod dv i»v«ri .i 

v i n 

(- 11 —WV-i 

1 io n 
- VW 

20 n 

l<ahvw j 

:J11N1WD ’Jliya WOJWJ .20 O !w T03 OUTI T\H NKB3 


(1) I T = ] 

10 + ^20 

(2) 10I lo = 20I 20 

3.13 = 

IlO + ^20 

^10 = ^*^20 


*20 = 

1.043 A ; I 10 = 2.086 A 



. 1.043 A rthn> noEnomn 

i—®—| 

nnrv cppinn nnn tik n Nn>\y .; 


I 1 n 

H i -^wv 

io n t 

-AAArl 

20 n 

-Wr 1 




U = c - I*r ~ 24 “ 3.13*1 = 20.87 V 


8.1 
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,4 V niti 4 Q *mn 5y nnnn m i A nid -»oanaaNa om on .n 
.4 V nid b’apoa nainon i n 'jv mn ;?y nnon oj pt?i 
.3 A nid toyna 'ton om pin 2 A nid m-r om 
:Kin R -mn t>y nnon ptn 3 V xm n>nnan nvnmnn ;>y nnon 
U=12-4-3 = 5V 

.5 V HNT nOOVPlin 

ibw imunnn 3 A Nin ia*vt omi s V Nin -r«n !?y nnonvy pip« .a 
R = y = | = 1.67 ft :N'n 


:ninp\yn nmmnn nu nnqji ,t»;n tos noonanNa awnm .n 
R T = 1 + 10 + = 12.5 n 



50 

12.5 


4 A 


:Nin PPn om 


.2 A nfo> noonooNn pt?i (d>ito onm >jw) o»nyb pi>nnn om 


8.3 



• 4 A - 7:>y»a >tpan om Nin 10 o tny nin pn om 
u = i-r = 4-io = 40 v :Nin min ^y nnnn 


n\?n\Pnn nfoovy nn nn 
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iooo a ’jv on iwno 011 i ci iro on o>i«n *ro?o o> .n 8.4 

.24 V iro nno tini' Ci A ya nainnn -ronoinin 

R „ = i + 1000' 1 _ _ i Q 99 n :N>n ninpvn jmiimn U .n 

T 1000 +1 

l T = ^- = -^ = 12.006 A:Nin >i?i>:>n omn 
U AB = 12.006 0.999 = 11.99 V :Kin B -i A nrnpin ya nnon 

lop -tiltro yvon nnn ,12 V -i> nirø nKswn ’ivinn pinn ramin 

.noooinina nama 


R t = 1000 + = 1500 n :N»n nliipwn nminnn (2 

1 1000 + 1000 

:Nin »ilion ontti 

■t-Éf-bm- 0016 * 

u ab = i T . R = 0.016-500 = 8 V :Nin B "i A Jirnpin ya nnan 

lop *ninw yioa nnn ,12 V -i? mw nKmnn >n>inn pinn ni’nao 

.-loooinino nanna 


I = I A 


1 + 



1 


0.01 




:*u nnoui vyanvyi 8*5 


r s = 0.101 n 


lumax- gfj- mS- OM5A - 5mA 
u = lu *( R U + R s) 


^max 



+ 


Ra 

R s 


I 


max 

I. 


1 + 


0.05 


21 


o 


: 8.1 


nnom \ynnvo 8*6 

20 = 5*10 -3 -(1000 + R s ) 
R s = 3000 n 

nnpm vnnm 8*7 
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.21 >o ini TTPion oinn 


u o V R u .- 8.2 nnpiia ponwi 8.8 

u ' = '«•(% + R s ) 

ir _ R u + R s _ 10 - 10 3 + 10 Q- 1 Q 3 _ 

U o R U 10-10 3 

.li >o i >73 77 > 7 on oinn 


07171 IN S V 71N771 7POOi>117 OM .71lb 103 7000 ^ 11 ^ pn »71 


I = 


u 


R u ~ 1500 
U = 15 - 5 = 10 V 
U 10 


= 3.3-10 -3 A 


R = 


3.3-10 -3 


= 3000 n 


:N17 1377 

:Nin R 7im by nnon 
:pt> ,M>7 R 7117 7171177 


8.9 


1V^V7 pb77 717711777 Pn> PON 7>7> 7P011lPl3 D717P >73 8.10 

:117n77 pbm 71>1711777 pnP 71W 71>7b -|>7K 


* - § -> r = 16 n 


Oinnnn o>*nin dviyj ^i?yn pt ?na o>*n:in pjv 8*11 


_ 6 _ .y 

R 2 3 “ 2 


R 0.7 
15 0.3 


wtO w t?nn n> n nvnimn .h s. 12 


R = 35 n 

1 - x 


70 

15 


X 


70-X = 15 - 15-X 


X = 0.176 m 
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17.6 cm Nin pmon 


. 12 V -nnn Nin R -noni is n Pv Pipwn im Py nnon .> 


I = 


R 


0 * 


i - — 12. — 

1 15 + 35 


- 0.24 A 


j _ —I?— 

2 - 15 + 70 


= 0.14 A 


n nrmnnn nnon w i A njoo nooobnn ok .k 
U = 1*(1 + 5) = 6 V :Kin nOEPDOKn 

U = 24 - 6 = 18 V :Nn R mon nnon 
.nooobnn nKnrw no ni 

om ptn ,1000 n i>\y imiinrn 18 V tw nmo \i» nooobvn .i 


I = 


18 


= 0.018 A 


1000 

1 = 1 - 0.018 = 0.982 A 


R = 


U 


18 


0.982 


= 18.33 n 


:5V 

:Kin im omn 
:N>n toti nmmn 


:biyo:i nb'ipwn nmjnnn tik avyni j 
x> _ i . 1000*(18.33 + 5) _ oo o r> 

Rt “ 1 + 1000 + (18.33 Tiy - 23 - 8 ° 

:Kin ^or\ omn 

1 T = -- = 1.008 A 

iv'p 

:D'p-nn nna tin nNno noDoPiin 

U = e - I r = 24 - 1.008 1 = 22.992 V 

-- QOO :Nin -iwonoKiNa cntn 

1 = Æ-h - 0985 A 


nmwni 5 V P\y nnn w B -i A nnipin ya .o.Non jin avni .n 


O 500 1000 ,,, T „ 

R T' - 500 + 1000 = 3333 0 


5V 


I = 


U 5 
R T ' 333.3 


Pvy om pbi 


= 0.015 A 


8*13 


8*14 
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:Nin D -i B niripan )>a nnan 
U BD = 0.015-(300 + 200) = 7.5 V 
e = 5 + 7.5 = 12.5 V :Nin D'i A )>a 'Wan nnnn 
.12.5 v tint* D "i A niripan y>a nain'w nvamPn 


:N’n aaynn naipvyn nnaannn ,a 


Rt " 500 + 30TTT550 * 200 - 530 - 77 n 


*T = 


12.5 


= 0.0134 A 


R T 930.77 
U AB = I x . 500 = 0.0134-500 = 6.71 V 


:Nin >iPan oitn 


U CD = I T -200 " 0-0134-200 = 2.69 A 

:Nin C -i B nnipan )>a nnon 
U BC = e - U AB - U CD = 12.5 - 6.71 - 2.69 = 3.1 V 

onama 4 n uam ipmooNn . .o.n.an nn Jo o-np nubi 
u = (4 + 4 )-o .2 = 1.6 V :Nin onlaw yv>pa nnnn pJn mvn 

.n.n.an mn 

;n’n’ om om z n yvy noa iain' -inn-tannn oh .k 

I = = 0.267 A 

2 + 4 


ontn m ‘mo* Hin rm)on mpæb mon i^D-i^Kn nmm on .:i 
r t = 4 + 4~~2 = 5 * 33 0 :>bbnn 



JL 6 _ 

5.33 


0.3 A 


pn Hin rmon mpob b>npm mm> nomnonn dh j 
j „ M = o 4 A nDni m * n m 


8*15 
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:nK:in mm mim onttotf?iin 
i—®-—i r~^tn 


r~ 

iio v 10 


40 


5V 10 


2 0 2 0 

-A/W-VvV~ 


Ee = E(I-R) om JIN IVimi 

10 - 5 = I*(l + 4 + 1 + 2 + 2) 


"-&-0-5A 


:Nin io V i>\y .a.M.on o>pin7i nnn 


U 10 = e - I r = 10 - 0.51 - 9.5 V 


:nid 5 V i>w .B.hon !?\y o>ptnn nno 


U B = 5 - (-0.5-1) = 5.5 V 


IA = IG ’ 


1 + 


Rg 

R« 


:8.3 nnum wmroi .n 


\ 

o 

II 

1 + 

10 = 110~ 3 - 

—■—^ 

+ 

^ lui 
1° 


Rsi . 




Ro - 0.05 n 


I A = 0.3-10 -3 - 


('• s ) 


Ro = 0.005 n 
S 2 


:nnoiia aw a>*i .a 


I Ai = 0.3 A;I Aj = 3A :Qn °’*™ n 

:N’n onp’ona inN ioa *rø»*tflBNn nrninn .s 

r a, = srrås ^ 0005 n 


r A - 50-0.005 ^ q 05 n 
R A 2 - 50 + 0.005 - 


8 * 1 6 


8*17 
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:D7i o’mtn p5 


12 

24 + 0.005 


0.4999 A 


U R = [ G ( r G + R s) 
10 = 110-M50 + R s ) 

1 = M0"*-(50 + Rg 2 ) 

U = 0.3-10-3.(50 + R s ) 
Uj = 0.3 V ; U 2 = 3 V 


: 8.4 nnpui wEnvio .n 

-> R s = 950 n 

b i 

-> R = 9950 n 

innpm iw .n 


:H>n onp>»n» -tdk ton wjoubnn nn^nn j 
R U = 50 + R s 

R Uj “ 50 + 950 = 1000 n Rjj^ = 50 + 9950 = 
:N>n ninpvyn nvninnn ,imon mpna 

Rt i- 500 + SS= 1000 « 


I T i “ 


= 0.002 A iH'iT) >bbDn cnn 


:H)n nunobnn by nrøn 
Ui = ][ T -500 = 0.002*500 = 1 V 


:N>n nbpvyn mronnn ,>jvyn mpai 
Ry - 500 + -^QQQ^QtOOO _ 1409 o 

r 2 iooo + io 9 ooo uy 


It 2 1409 


= 1.42-10 -3 A :N-) ^ »bion o-ifn 
:nid -iv»3o5ii7) 5y nnon 


U 2 = It 2 -909 = 1.29 V 


.pjij rmnn Nin »5 nt>n Nin ioav>5iin on .n 
:N in 5iym om 


8..18 


10,000 n 


8.19 
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I = 


24 


= 1.5-1Q -3 A = 1.5 mA 


(5 + 2 + 2 + 2 + 5)-10 3 

:p nonoimn ~oin>3 pi\y jimpin pi nnnn 

U = 1(2 + 2 + 2)-10 3 = 9 V 

trø nbipwn nvnmnn m 5 Ko bw nn^Jin dk .2 


Ry = 5 + 5 + 


It = 


5-6 
5 + 6 

24 


= 12.727 Kl) 


:K>n bayon 


r T 12.727-10 3 
U = I T -2.727 = 5.14 V 


:Nin >bl7Dn 02*71 

1.886 mA 

:Kin 2\50\5^nn nK2>\y nnnn 


:N>n n^ip\yn nn^mn >^ki>k kid lOKnsaKn dk .k 

K r = 1 + 5 »10 = 4 33 n 
T 5+10 

T 6 12 O * 7*7 A ^ 2*71 

*r " r^t “ 433 " 2 ' 77 A 


:Kin ov*nn nno 


U = e - Ir = 12 - 2.77-1 = 9.23 V 

I = |p = = 1.846 A :hid 5 n 2w im cnfn ,p7 

R 5 

ntJip^nrtrn^mnws o P\y jivninn 2 od2ddk!? ok .2 
10-10 


= 1 + 


10 + 10 


= 6 a 


:K>n 


I e 12 0 A 

x t- r^t- T“ 2 A 


U = 12 - 2-1 = 10 Y 

10 


I = 


5 + 5 


= 1 A 


:Kin toyna ^bbDri 02*71 


:Kin o^pinn nnn 

:H)7) 2 \DD 2 £)rJK 2 02*71 


8 * 2 © 
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8.21 


lA max - [ G max ‘ 1 + 


n\3Kna«N nt 5npon niti iwfnv iivdd .k 
R ’j :nid »ba’pnnn oitn 




R q 


:nid »ba’ooan oitn \yrnn num .n 

*A max = 2-10-s-|l + 1^-j = 0.202 A 

r A max = 2-10-3- _ 0.212 A 


0.212 - 0.202 
0.202 


= 0.05 * 5% orrø o.oi A N>n n>wn 


i = i G 


max 


1 + 


5g 

0.5 


* *G max ( r G + 500) 


max ~ 1-001 -10 3 A ; Rq = 499 fi :Hxn) mNiwnn »nvyo 


."lUKmiiPjn cnu »tøn Nin ynp ni n lOKnaoNn ^>ddki ia tnun 

Rg 40 :nid onin 

R s ~ T = 21 

.*i\?ainipja D-113 >->Pn wni ynp nid -iinnoPm in tnun 

r G + R s = 40 + 500 = 540 ft :Nin onun 



R i 


:)iwv»n i\yj nid o>pi>nnp mN pa .n 

25 a -> R* = 20ft 


8.22 


8.23 


8.24 


8.2 S 
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:n> n toi ninppn rm^mn .1 

R x , = 5 + 2.5 + 10 = 17.5 n 

R t - = 10 + 5 + 20 = 35 ft 

:N>n !?aynn ntnpvyn jm«jinn 


Ry 


17.5-35 
17.5 + 35 


11.67 ft 



50 

11.67 


= 4.286 A 


:nid D“^n 


:o>D-\iKn ptv iqd Nin nvminnn un> .n 
JT3-5S -> x-0.89n 

-A- = _> ab = 0.56 m = 56 cm .3 

AB 0.1 


I = 


• 3 

_e_ = 24 
R 3 


q N>n !?>:nn jv>!?ion nmannn 
8 A 




8*26 
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- 9 p^a 


JlV>NW 


’h r »n 

>5 V 5w nnoi> iniN naro on 20 nF 5\y 5ap 5y naoson lyonn ino .1 

ia\y ivoon moa tin 7in5yn 4 V 5v< nna naoin on 5ap 5\y 5ia'p^ mo .2 

uo nC -a 

Dmi’a pm»m 4 cm 2 ibw nini5n nv?w\y mni5 5ap 5w ina'pn ino .n .3 

*miN n5o omi'a riinn on 0.5 mm 

nopt>Nn y lap 5ya nv>p5N>*r noin nini5n ya5 ouai on 5ia>pn rom no .a 

74 

td’uw >a nm mt nim5n jin p’m:i on 5ia'pn 5*n> in iv>p> nna >a .1 
vnana itiin o>yo on ’n p5n 5w 5apn 5y nav>y>w lyoon mm no .n 

»5 v 5 w oi 5 N>^ 3 \?ia 

:o>Nan o>5iyoa 5ip\yn 5ia>pn ino .4 



9.1 nv.'i 


?s cm iovtw ma 5ia’pn ino .5 
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-piTin ok 5 cm ’ 3 i 2 ’nn loi’in 4 cm ’D’iin iovtw ’-ivo Pap Po Pii’pn in» .6 

n’IK KpD 071’3’1 

»20 jiC Po "ivoo i’Py w’ ok :lo nF Po Papa n-my rmiK nna n 
:o>Kan o’Piyoa Pip Pi Py ivoori ino .8 

20V 20V 

-h 

50yF 

—Ih 

20yF 

~lh 

U) 



20V 

H 

50yF 

II 

(l) 


9.2 -m* 

,-noa min 2:1 kvi onPo Pii’pn on’o o’Pap 2 .9 

’oopw o’iyonn on» ino .k 

?on’Py nnon on’ ino .a 

.P’ipoi min 2:1 kid onPo Pii’pn on’o o’Pap 2 .10 

?onPw o’iyoon on’ ino .k 

’on’Pv nnon on’ mo .i 

.pnu nnKi U nno mpoP nain C iPia’po Pip .11 
»o”30 ’i iPo Pii’pn tik P’i« ok i’Py nnoni ivoon i»n» no 
tik P’*ti;i ok i’Py nrtani iyoon i’n’ no .U nno upop nin C lPii’po Pip .12 

?o”io ’o Pii’pn 


148 



'i nm 

jo’nid D’biyna bipvn bia>pn ino .13 




9.3 -0>S 



( 1 ) ( 2 ) 


9.4 -n** 


.3 V NV) 



nF bv ii>byn bapn by rmon „is 
:rmipin pa nnnn n» 

?B 'i A .N 

?D -1 C .3 


9. S TPJt 
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.s V nid 4 nF bvy bapn by nnnn .16 
rbiyna »bban nnon inn 

4 yF 


9.6 H’2f 

o.ooi nC b*> iy\?a naow .20 V n>n via by btonraiam Q iy\aa >”y poi ana .17 

nnan ovn ina .25 V -b bN>m\?ion jin nnbyn 
.nnwb p an* aam arran .10 V bw btomoiab p*» so cm roimw iro .18 

j'liva ntmai my o'iiaopbN noa 

loinavy »iw anab p nnN aaini 10 V bv btomvaiob ivvaa 5 cm ipi'rrø nna .19 

.10 cm 

arran by 'nbnnnn pcnn dn ana ba by >aion bxauoian n>n» no .n 

:n>n >iwn 
.t>an (1 
.io 10 C (2 
.-210 10 C (3 

ro^apono mN baa ana ba by ’aion lyonn ino .a 
6 V bvy nna maipob -raana min is jiF bw nvrni 10 11F bvy inNn o’bap nvy .20 
nnan n’n> na .ntb nt mini nnon niaipon ipno po anub .nonnna 8 V -1 

:a\yNa iaain o'bapn on bap ba by ’aion pvanni 
.ntb nr ominn la’o ’ivw o’pm .n 

.ntb nt omina ia>o nrø o’p-rn .a 



ISO 



vjkq o>NKain 10 cm ovn bva nnn ba o'nvra noibw bo bipon bia'pn ma .21 


?nt dv ni 

• 9.7 nvaao bivan iini .22 
?B -1 A nmpin pa bipon bia>pn ma .k 

,10 nC bo ivoa o> 8 nF bo bapn bv on .3 

jbipwn bapn bv o> ivoo naa 
?D "i c nmpin ^a nnon ina .1 


4yF 8pF 



•)iVO Kb nvrab ^nn nain 7a nnK .100 V n>n nbv bN'aioiam ivoi inoba 711 .23 

.80 V -b *n> bN'sioiam 8 cm lovtno 
?7iin bia>p ina .n 

1V\?qi 10 cm bo wro >a\y im nain> 701:1a dk bn^ioian n>n> na ,a 

?o.oi (iC bo 

nna nipab nain 0.6 mm on>i>a pmam 0.8 cm 2 nninib nooo ninib bap .24 

.20 V bo 

,0.3 mm pmab bapn mmb hk anpb na v’ponb pn* mnv naa .n 

.nnon mpab naina bapno iata 
0.3 mm pmob bapn mmb n.n anpb na v>ponb imt miav naa .a 

?nnon mpaa bapn pnuo nnNb 
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Pya nvjppxn nnin mniPn pap trnanP na y>p\ynP in* muji nna p 

»nnnn nipnp -omn Papn n\y?o ,2 noppKn Dipn 
Py nnnni iyonn »uv onn .(9.9 nm) 20 v p\y nnn nipnP nain 5 nF Pvy Pap .25 

.10 (xF Pw tap Papna vPn nainn dn Papn 
.nno S pt>annwa .n 
i 20V .mna S poannwa .a 


Hl— 

lOjiF 

Hh- 

9.9 nVK 



o’poannvo Pap Pa Py nrran inn 
.o'nuia S 2 -1 Sj .n 

.rvma S 2 -1 nuo S 2 .a 

mna Sj "i nuo S 2 .3 
,’K nrwP r>a 


.26 


9.10 ma 


152 




:on<27) D>b)VQn bi p\i)7) bn>pn ino 


.27 


c 

__ J l_EL 

c „ c 

_II_. il 



1 

j— 

F II— 1 

nr—^ 


( 1 ) 


G C 



( 2 ) 


9.11 *V)VS 


p:om av d vrnmb V-i prn»m S vmmb novyvy mmb bnp b\y bn>pn ina .28 
:mHnn nm^na nma e r nppbNn mpn bvi nopbNn nmn iDinb 



9.12 nvs 
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Q = U-C = 5-20-10-6 = 1-10-4 c = 100 HC 


9.1 


r _ AQ _ 10 -10-6 
AU 4 


2.5-10-6 F = 2.5 fiF 


9.2 


- 8.85-10- ia -4-10-6 


C °= d 


= 7.08-10 -12 F = 7 pF 


0.5-10-3 

C = € r -C 0 = 4-7.08-I0 -12 = 2.8-10 -11 F = 28 pF 


,N 


.3 


9.3 


e 0 -s _ i <vS _ c„ wtnn bn>pb nnowi .s 

2d - 2 d - ~2 >a bu bi3>pr> 

Q = U-C = 5-7.08-10 -12 = 3.54-10" 11 C .1 


r r :""M onaino D>bapn ow (i) 

z~ * -1 2 5*10 . i ■ 

C T = r- ^ r- = T-T-7K = 333 


9.4 


C 1 + C 2 5+10 


:b»3pna anaino a>bapn ( 2 ) 


C-j- = Cj+C 2 = 3 + 1= 4 fiF 

:b>apt 33 onamon o'bapn >i\y tik laro bo orip (3) 
C T " = 2 + 4 = 6 pF 


Ct - TTz " 2 " F 


:>v»b\yn inpi? -mna onbw inpwn 


C = 


R 

K 


5.1O-2 

— = 5.5-10” 12 F = 5.5 pF 

9-10 9 


9-5 
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= 2.22‘ICT 11 F 


9*6 


C = 


R-r 

K-(R - r) 


5.IO-12.4.IO-2 

9-10M5-10-2 - 4-10-2) 


E = 


Qi = 

2C 


(2Q:10- 6 )2 , 2 . 10 - B j 
2 - 10 * 10“ 6 


Q « C U = 50-10 _6 *20 = MO - 3 C 


(l) 


onio tn k to nrtnw id nn«n rn-w> ominB o>bipn ( 2 ) 

:20 V NVI 

Q x = 50-10“ 6 *20 = 1*10" 3 C 
Q, - 20-10~ 6 *20 - 4*10“ 4 C 


or-rr ?- 2 - 11 


:nid bipwn bapn (3) 


Qt = 1JC T = 20-210" 6 = 40-10 -6 C = 40 nC :bip\yn bapn by lyoan 


Qi = Q 2 = 40 nC 


.bipwn bapn by lypnb mw bap ba by iyonn 



Hi 

U 2 


Hi 

Hi 

H* 

c 2 


.nnt on’by lyuan tipi onaino o'bapnvy iri'aa .n 
:*iw lop bapn Py nnnn -mi> bm bia’pnw baa .3 

Hi = i 

C x 2 


.nnpun »ab ,inv bm vby iyonn *\nv bnj bapnw Pod .h 

Ql _ HllHi _ Hi — 2 

Q 2 “ Uj-Cj ~ c * " i 


9*7 


9*S 


9*9 


9*10 
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Hi 

U, 


.rmw onPy wi»n pin i»3p»3 onaino oPapn .3 


= 1 


Q' = Q 


U'=fi=lJ2-Jn 

C' 2C 2 C 2 U 


•yi 3 p -inw p\?«n 


U' = U -Viap nN\jo nnnn 

Q' = U'C' = U C' = U-2C = 2 U-C = 2-Q 


Cj' = 


>3pm nanno 3ipwm 1103 -oina oP 3 p 3v> jit 3a d) 

5-5 


5 + 5 


= 2.5 pF 


Cj'" = 2.5 pF 


C T = C T - + C T " = 2.5 + 2.5 = 5 pF 
C X ' = 3+ 1 + 2 = 6 pF oP3p nvypw ( 2 ) 

:>>i’33n iop3 ti\? 3 33ino an3\y 3ipwn 

c-r-rh- 2 ^ 


mon omnnæ z nF bw o^bnpn mnbo o) 

2 
3 


C X ' " 2 + 2 + 2 _> C T' = 1 FF 


C T " = | + | = 1 pF 


~i— =1 + 1 + 1 a- 3 
C T 1 1 + 1 J 


C x - 033 |iF 


:i/3 fiF "b bnpm nmnn onbo inpon 
mon onmnn o>bnpn rtvnbo 


9+11 


9*12 


9*13 
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.bipwn bia’pn tin nb’nn awm U) 
C-p = l + 3 = 4 ftF :b>apna o'iaman o'bapn > 3 w 

:>w>bwn bapb iioi iaino onbw bipwn 

C T = 4*T4 - 2 FF 

Qt = C T -e = 2-10“ 6 -20 = 40 tiC :NW bipwn bapn by ivwon 
:Ni 7 i i>by nnon a hF bw bapn by lyoon in«' 

o 4ooo^ =lov 

C 4 . 10 -6 

:Nin b>apaa onamon o>bapn >iw by nnnn 
U 1>3 = e - U 4 = 20 - 10 = 10 Y 

Q 4 = M0-6-10 = 10 ftC :N1n 07,0 lnN 1V15»n 

Q 3 = 310-6-10 = 30 /iC 

•inpwn bia>pn tin nb'nn awm (2) 
.ilija onaina 3 nF bw oPap >w 

:3 nF bw bipb b’apoa iaino onbw bipiyn 
C T' = + 3 = 4.5 ftF 

:2 yF bw bapb nwa iaino onbiy bipiyn 
C T = 5 = 1-385 „F 

:Nin bipwn bapn by lywon 
Q x =C X -e = 1.385 10 - 6 12 = 16.62 nC 


:Nin vby nnnn . 2 jiF bw bapn by iywan mi 


U. 


= 5 *= 16 . 6210-6 


2 - 10-6 


8.3 Y 


:Nin bsyan inw by nnan 


U = e - U, = 12 - 8.3 = 3.7 V 


:Nin iyi?nn 3 nF bw bapn by 
Q 3 = 310-6-3.7 = 1.M0- 5 C = 11 fiC 

Nin (ono *mN ba by oj pbi) oPapn nw bw bipwn bapn by iyv>an 
Q 3||3 = 1.5-10-6.3.7 = 5.5 10-6 C = 5.5 i*C 


9.14 
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:Nin 2 nF bw bapn by iyonn .n 


9.15 


Q. = 2-10-«-3 = 6 ftc 


°r ' TTi~ 133 “ T 


. 4 nF bw bapn oy ib\y bipwn bapn by pvian int 

:Kin bipwn bia>pn 


U*r = —2— = 6-1 = 4 5 v :hid bipvun bapn by nnon 

C AB 1.33-lO- 6 

C T „ = = 1.43 jiF :mn "pnroin »pya bipwn bia'pn -3 


:Nin iinnnn <pya bipwn bapn by iy\?on 
Q = C X " U = 1.43 10- 8 -4.5 = 6.43 fiF 


:Nin 5 yF bw bapn by nnon pb 

U A n = "• 4 - 10 ~" = 1 286 V 
510-« 

:*n D n C nvnp^n yz nnan 
U C D - U AC - U AD ^ 3 - 1.286 = 1.714 Y 


:pi> ,Nin iPy pv?nn . 4 V -S mw 6 p.F irø inpvyn Inpn nn&n 

Q = C U == 6-10“ 6 *5 == 30-10~ 6 C 
:Nin iPy nnan .niv?! niman 3 ^iF bvy inpn !?y po>an o> nid nr 

u - 3(MCr 6 = 10 Y 
3*10" 6 


c - 5 + 10 - 15 V 


:nvi ttDT) nn»n 


p - AQ O.QOMO 6 2-10" 10 F 

AU 25-20 


C = 


R 


:Nin tni>pn 

tnnnn 


R = C-K = 2*10~ 10 *9*10 9 = 1.8 m 


9.16 


9.17 


158 



:Nin naiNi; m>nn >30^ *mon ty )yv>on 

Q = C-U = |p- U = — -10 = 5.5510 -10 C 

K 9 . 10 9 


,n3.y> 0>31*)0pi?N .OONl? 7111VJ >01071 bN'KJOIOTl >3 OONTI>7ll> 71»n 1>>0)371 ty 



5.551Q- 10 

1 . 6 - 10-19 


:N171 0>311V)pbNn 10OJ3 .3H3D i>N ndTOH \Q ,pl> 

= 3.47-10 9 


v, = v 2 


:niw onvroTi >i\y ty >oion iwsiopn 


K-Q/ _ K-Qj' 

R i ‘ r 2 


0 / _ <V 

0.05 - oj _> Qi = 0-5Q/ 

Qi + Q 2 = Qi' + Q 2 ' :*3»vy3 !Pi37i po«7i 

:n>n ,m>nn >io^ ,s cm 'jv -ivtoti !?v poun 


Qi . E5l . I2&05 , 5 5 . 10 -ii c 
K 9-109 

(1) 5.5-io-n + Q 2 = Q/ + q 2 ' on jiiNiwnn >nw 

(2) Qj' = 0.5-Qjj' 


5.5-10-n = 1.5-Q 2 ' 


Q 2 = 0 -N 


Q 2 ' = 3.67-10-n C ; Q/ = 1.83-10-« C 

5.5-10-n + 10 _ i° = 1.5-Q/ 

Q 2 ' = 1.033-10-10 C ; Q/ = 5.167-10-n C 


Q 2 = 10-io C .3 


5.5-10-11 + (-2)-10-io = 1.5-Q 2 ' Q 2 = -2-10-io C .3 


Q 2 ' = -9.67-10-n C ; Q/ = -4.83-10"H C 

:Hin nnnn -iipoo ipin>3 trwb typ ty ;>y poem 

Qi = C.-Uj = 10-10-0-6 = 60 nC 

Q 2 = C 2 -U 2 = 15-10-6-8 = 120 nc 


9.18 


9.19 


9.20 
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.nirø o’bapn by ’dipd nnnn 


<K m 

Oj 

Qi' _ Q.' 


-> 1.5-Q/ = Q/ 


10-10-6 15-I0-« "" ■' 1 2 

:ia>o >iw o>p*r;n onainn o>bapn n\yfo .n 
Q/ + Q 2 ' = Qi + Q 2 = 60 + 120 = 180 HC 

Qi' + 1-5-Q/ = 2.5Q/ = 180 


Q/ = = 72 pC Q/ = 180 - 72 = 108 ftC 


0»'t> >jw o»pini o>-oina o>bapn iwns .a 

Cpnn* nt mpoavo iiiob o>on”Jio Nb uniNW yivao) 

Q/ + Q2' = 120 - 60 = 60 nC 


2.5-q/ = 60 

Qi' = fy = 24 nC Q 2 ' = 60 - 24 = 36 n C 


•niw on>by bN’Jupion >a bupna onamn o’bapn 

3-0.1 


c = Cj + C 2 h- C 3 = ^ + * 2 + R * 


9-109 


= 3.3-10 -11 F 


C T' = 4 ~g = 2-67 n F :8 jiF '1 4 yF bv> o>bapa b>nro 
C T" = 6 + 2.67 = 8.67 /iF :6 nF 'b b’apna onaino on 

Or, = g 8 (57 7 + 3 3 = 2 - 23 :Nin ' ,1> ' ,yn W 3 

Oinnnn <pya 
4*2 

C T = — ^ = i .33 pF niua 4 mF -i 2 jiF o>i>ipn 
C T" = 3 + 1.33 = 4.33 /iF :3 p.F "t? i»lp&i inpvyn 

C T 2 = 5lT^33 = 232 :S ^F 

C T = C T 1 + c T 2 = 2.23 + 2.32 = 4.55 /iF :Nin i?\y inp\yn !m>pn 

orvby nnrøn . 8 jiF -i 4 jiF b\y bipart bnpn by ion 10 [iC bv> lyonn 


« J 9 - - 
C T 


10 -1Q-« 

2.67-10” 6 


= 3.745 V 


.N 


.2 


9.21 


9*22 


:K1D 
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. 8.67 nF Pvy Papn Py rmon int 
Q = C T " -U = 8.67-10-6-3.745 = 3.247-10- 6 C :Min i>Py poan 

•Yi'byn <uya Pipwn Papn py iy\?an int 
tt _ Q _ 3.247-10 -5 , . _ „ 

C T ~ 2 23-10“« = H ' 56 V :Nln 1Vi,yn f|2V3 nr,Qn 

:Nin Pipvyn Papn Pvy iy\?an 
Q = C T -U = 4.55-10-6-14.56 = 6.62-10-® C 


UCD = U CB = 3.745 V 


:B rmpjn iaa N'n D mipjn .> 


nmn Py iy\?on dn nP'nn awm ,ro>yon apy iyoa Pa>p ni-ran .n 
Q = = 7.11*10 —10 C 

K 9 . 10 ,9 

• t li>n Py iy\?on ’ii>v int .<vnn •)« nay nt pua 
AQ = 7.11-10" 10 C 


AU = 100 - 80 = 20 V :Nin nnan >u>\y 

C = ^ = - 7 ' 11 2 o°~ 10 = 3.55-10-“ F :Nin pu>pn pP 

:Nin Pipwn Pia’pn ,>wn man nia>n >iap .3 

C T - 3.5510-n + ^ = 3.55-10 -11 + —— = 4 . 44 . 10 -n F 
K 9-109 

Q t = U-C x = 80-4.44-10-n = 3.55-10-9 C ^ iy ' 3 ’ 3ri 


:Kin PP 13 D poon -IVTD 71 T)3>n triNp 
Qx' = 3.55-10 -9 + 0.01-10 -6 = 1.355-10 -8 C 

:Nin Pipvn Pia>pn 


C X ' = 4.44-10-n + — * = 5.55-10“ii F 
9-109 


U = 


Qt 


1.355-10~ 8 

5.55-10" 11 


= 243.2 V 


:Nin iwsjoiDn 


9.Z3 
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nvym nvn rvnwn tik ivni hd .n>n>Nn >u>vyi? rmvy rmnyn 


9*24 


W == AE == A 


CU 2 


r - e o' s 

^ " d 


:lm>pn m 1)3 o-np 


c = OSj WjO^ = ! 18 . 10 _ 12 F = ¥ = 2 ¥ = 2-C i = 2 - 36 ' 10 " 12 F 
0 . 6 - 10- 3 2 

.ynp *wim nnæn - nnnn -npal? -nin« ^pn\y pvojo .n 

:Kin n>n3Nn >u>y> 

AE - -_ ACJJf. _ 1=18-10 12 2Q 2 2 36-10~ 10 J 

2 2 2 2 

.^nip nwuo ^onn ' nnnn np&a prro« bipmy .1 


AE = £L „ _Q:L = Q1 . 

2C a 2C 1 2 


= (2.36-10" 11 ) 2 . 


Q = CU = 1.18*10“ 12 ‘20 = 2.36-10 -11 C 
1 1 


C, 


cKin lyoon 
:Nin rvnwn >i^\y 


1 


1 


2.36-10' 11 1.1810’* 11 


= -L18-10” 10 I 


AE = 


.ro“ty«n 'ja rin^ON n^apna ,7D>n^ k2n ,rp:n:K y>p\yn!? pn* n!? 
(C, - C,) U» _ (., - 1).Q20» m ™ n ””” > 


L 2- 1H.18 I0-.-20. , 2 36 . 10 „, 0 , 


/ivuan rby nin\v> n!) nnnn n pa!? nainn Inpni-nip ppoanvjo .n 9.25 

.nnan i’bv ran\y) nIjv pinsi 
:Nin s nF l)\y Inpn l>y\!) ponn nino poonnvo .3 
Q x = 510- 6 -20 = MO’ 4 C 

C x = 5 + 10 = 15 nF :oPnpn '3\y pa pl>nn> ni iy\?n 

U' = —^ = *‘10 4 = 6 67 V :Nin nnon 

C T 1510-® 

:Nin nnon )ii»y 

AU = U - U' = 20 - 6.67 = 13.33 V 

:Nin DPipnn -rnN 1)3 yy lyoan 

Qi - Cj-U' = 5-10- 6 -6.67 = 3.33-10 -6 C 

Q 2 = 1010-6-6.67 = 6.67 10-« C 
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:Nin 5 nF b\y bapn by lyonn >u>v> 

AQ = 110-* - 3.3-10-s = 6.67-10- 5 C 

.nvoa onawnn o>bap >ny vn owino S 2 -i S 2 o'poannvo .k 
10 V n'm nirøa niw nnnn pbnn> omt o>bapn >wv yivan 

.inN >3 by 

onaino nriupn ’iv) nmpn C! bapn iot S, poann nvwa .a 
Min vby nnnn .C 2 bapn by nsdi nnnn bai (rrnpin nnwb 

.20 V 

ensom o>bapn nvy nnnn npn t\h o>^pni S 2 nN onno on a 
onainn on\y mno5 nNnaw nnnb) .b'apna onainn nnnb 
num b\y lo’o ■ niinvyn onniy by nnnn na*f bv> ioioa ,nroa 

(>b>apn 

apy .niw n>n on>by lyonn nma onainn nn on\y -pnan 
oiawb im)>w i>np >aw o'pnna onainn on S 2 bw niawn 

.onn anN ba by nnnm lyonn 


baw N>n na>on . ntb nt b>apna onainn o>bapn nwibw U) 
.bapn ww b\y nvb nainn bap 
-i E nrnpaa ,b\ynb , onainn »ysnNn bapm nnw bapn 
.rmpan nnw in D -i B nvnpin >a B/D 
Cj = 3-C :Nin bipwn bia>pn 


»y^nKn bapn by nnn nm> Nb omt o’bapn baw pinn (2) 

:bia'pn nm> bapn pw: nnnb .mw pnab nwani 

p _ C'C C'C _p 

“ c + c + C + C~ C 


9.26 


9.27 
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C 0 'C T S 


c -fs* 

d 

2 

V-e r -S* 


nid m>nn (i) 9.28 


C,C, _ UJ_VfjJ 

C ‘" Cl W«*V« ' fgl-t! + 


£ o* € r _€ q -S 2e T 

dl ^ 1 + €j 

f-O^r) 1 1 


0 1 + £ r 


:> 5 >apa Hin an>nn (2) 


e , .S e . S 

° r UJ ° 2 e -s 


d = € ir ^ * D= Co- ^ 


Ct' = 


d(l 4 £ r ) 


Kin n\:>\ynv> pn ’i pi?ro imd pioi mm« >bNÆ\yn pt?nn (3) 


c T = -°: CrS + !iJ. 

d(l + e r ) d 


C T = • i + 6r 

i ^ O l . , 


d 12 1 + e r 0 2 T 1 + e r 


C. • I + ^ 
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tv - 10 jna 

g>*t» 

Jrn!n<w 
’h non 

. 10.1 ivnaw biyon imi .1 
t'n bapn by ruion ino .n 
? bayon urne oy 
■po tun by nnon ino .a 
?biyon m>>o oy 
muh bapn by nnon ino .1 

;’2ito>N im 

nnxb run by nnon ino ,-t 

?>0103>N IKif 

bapn iy\?> iot noa nnNb .n 
?>bo>oaon lanyo 63 % -b 

.•onon o>bayoa ,>anu>N ioi muh ,bap ba by nnon ino .2 

c 


12 ) 

10.2 nr3 




24V 



10.1 nr* 
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:Nin 'rxmi im nnjO ,inp ^ rmnn ina a 


8 Q, 


10.4 

:Kin l?*>m pt nn*!? ,! ? 2 p i?D by nnan inn .5 

lov 

-—I--r- 

5ft \\l5Q “:3pF 

10.5 

:>dioi>n pir nn^b bnpn by nn«n in« .6 
?niri3 pponnvo .k 
? m>p pDD«nvo .n 





10.6 *ii>* 


16é 



.7 


:K3n Paynn ,>diwn yat ->mP ,Pnp Pd py iypan mo 

sn 6 w p 



:H2 n t^yoa ,>3 U?:>n yav nnNb ,!?2p to iv\p)on ina .k .8 

r^VBi o-un ina .2 

5fi 10 P. F 5f2 


MW- 

10pF 

_1 1 _ 

-II- 

5ft 

_UAU_ 

10 pF 

II 

II 

II 

| 


1 

30V 


10.B “n>3 



'a n»a 

. 10.9 nvsivy ^y»n .9 

:>DK?J>N 2HNb ,b2p7) i?V n^DTI TID 

?mnD pponnwD n 
nrao ppDnnwD .2 


10.9 
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. io.io ->vm\y Piyon iini .10 
:>dico>n *)»t *iriNp ,Pap Po py ivoon ino 
inina poaorrøa ,n 
nw poanrrøp ,a 

10.10 ~tVH 


C 1 =SpF 



. 10.11 tpsiw Piyon iim .11 
mNp ,Pnp Pa py iyonn ina 
:o>pt>aon pwnp ,>ait?i>K im 
.o>ni 3 ia S 2 -1 Sj .n 

.mna S 2 -11110 S 2 .3 

.mno Sj -1 i«o S 2 .1 

.O’tllC Sj 'I Sj .1 


. 10.12 -ii>m\y Psynn lim .12 



10.12 ll’U 
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nvyN 3 3 n-F ty Pipn ty nnan ma . 10.13 n> 33 P pjyun yiro 


.13 



12V 

1 


1 

ion 

ion 

AM* -j 


6uF 3pF I 

fs ion 

Ml -II — ' 

1 -AW-—1 


mina ppoan .N 
nup ppoan .3 


10.13 TO 


,'oipi’n ]m nnNp ,o’Pipna im ty ty nnan ma . 10.14 ivhip Psyan uro .14 

:cpppoan iPND 
.o>nmo S 2 -1 Sj .n 

.mno S 2 -1 *mp S 2 .1 

.onup S 2 -i S, .3 




ion iopF ion 



. 10.15 nmaw Piyan lim .15 
j'oipi'n im nnNP Pipn ty ivoan n>n> na .m 
nipi ppoanp inNp 0.001 sec typr) ty lypun n>n> na .3 
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njuj pcaanv oa!? !?apn t>v iyv>an n>n> na .n 

?pt>aan *uu:rø nnN!? 0.0001 sec inpn i>y iy\?an n>n> na .n 

n>!?y >n!?winn nnan ia 20 % !?apn !?y nnan n’n> iat naa nnNi> .% 



10.16 WX 
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Trtiwvyi? Tnnivyn 


Uc o = O :vos nid bapn by nnan bpan nnnu oy .n 
Ur = 24 V :*rasn by M*m bpan ty nnan ty .1 

:bpan nna Min typr) ty nnan >DianN )m nnNb .5 

U C oo = 24 V 

TT n .poMb mw -nin ty nnan .n 

Uroo = 0 

:nntma \ynn\w .n 

r = R-C 

r = 10-5-10" 6 = 5-10- 5 sec 


.nnan mpa nnab iatn ty niw nby nnan pbi ,nnan mpab nmna bapn U) 
mpa ty nnan ty pbi psm Min bpaa ontn >oionM )at nnMb (2) 
Ucoo = « :bapn ty Min nnan 


,D3Mb niw nby nnan pbi ont ra: v N »oiww pn nnMb 
U C = 0 : 00 Kb niw nby nnan di pbi b>apaa -mb naina Cj bapn 

Uc = 10 V nwn 7apn ty n ’ n ’ nr,an ' 11 i 7n ^ nrian 1,3 

U 8 = 24 V .nna i>m rai« imaa 24 V ty nna w> 8 nF ty bapn by 
Ct = S-15^ = 3 75 ; Kin onnMn oPapn >w ty bipwn bia>pn 

Q = C-U = 3.75-10“ 6 -24 = 90-10" 6 C :f0n P^an 

:Nin on>by nnan pb ,o>bapna nnM ba by p\?an int 


U, 


= g = 9010~ 6 = 18 v 9010-6 


510- 


U 15 = 


= 6 V 


15-10-e 


(1) 


(2) 


nty n»b b'apaa Min) noMb niw nby nnan pbi nmpa 20 ixF ty bapn 
U 20 = 0 (uDK Min nby nnan pbi on* ia onn 
u i 0 = 5 V :io jiF bw bapn by Min nnan ba 


10.1 


10.2 


10.3 


10.4 
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;Nin onrn .dk vy> nf bsyaa 10 .S 


I = 


Ri 


+ R * 


10 

5+15 


0.5 A 


:vi>N b'apaa naina nvw -r»n by iaa Nin bap ba by nnan 
u 6 = I R =0.5-5 = 2.5 V 
U 3 = I-R = 0.5-15 = 7.5 V 


'py nnan npa b\y nnan ba n>n> paionN pt inx) ,ninD ppaanva ,k 

.bapn 

pok vby nnan n»n> >oiw>n iof nnNbi bapn ipnn’ nup ppoanwa ,a 
cnit Nb\y "Hib b'apaa nainan bap bya bjyan by banonb in’j nvyay) 

.(ont la 


1 _ 3 + 5 - + A :Nin tantn .ont vy> bjyaa 

:b>apoa on’bN naina tonw onjjn >.o by yapi bap ba by nnan 

U 6 = 2-3 = 6 V 
U 10 = 2 (3 + 5) = 16 V 

Qe = C 6 -U 6 = 6-10 -6 -6 = 36 nC :Kin bap ba by "iy\aon 

Qio = Cio-Uio = 10-I0 _6 -16 = 160 nC 


o“tfn vnt o*Hn ro>niE) .cnt 5>y)22 \y> 


1= —30. 

5 + 5 + 5 


2 A 


(o>n^ onxi) 10 V Nin m 5o nnnn .rob 5>ipm -ainn o>bapn» im io 


10*6 


10*7 


10*8 
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U = I-R = 2-5 = 10 V .aPapna ion ty ty dj rman int p5i 

Q == C-U = 10-10-6-10 = 100 nC ;Nr ’ ^ ^ 1W Qr > 


bv Kin rman ty pin o-it fn tjji .ijji 5ap inyaa vn nino poonnvio .n 

.i>apn 

.miDn -»pap >tn>w> taina Papni nmpa ran -ma paaan nvwa .2 

nnnn nipa nnnb mw Ppn 5y nnnn 

p^i ^apb i^apaa naina 3 q ty fjjn pjyaa om fk nina paaanwo .n 

.von 1 ? onrø 5apn i>y paam iPy nnnn 
.4 nF ty 5apn 7y nid nnan nipa ty nnan P 
Q 4 = c u = 4-10-6-10 = 40 nC 

:Nin omn .inyaa om \y> nuo paaan myio .a 


:Nin o'iopna -rnN ty ty nnan 

u 6 = I R = 1.25-3 = 3.75 V 
U 4 = I R = 1.25-5 = 6.25 V 

:Nin o’^apna -mN ty ty ponn 

Q 6 = C 6 -U 6 = 6-10-6-3.75 = 22.5 /tC 
Q 4 = C 4 -U 4 = 4-10-6-6.25 = 25 nC 

njian nipa ty nnan ty .bsyaa om i>n o>nma S 2 -1 S, opaaan naio .n 
Qj - Cj-U = 5-10“6-20 = 100 fiC =5 hF ty ppyn bapn ty hid 
Q 2 = o 


10.9 


10.10 


10.11 
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bv nnn n>n> ov;n bapn by os nina S 2 poaoni tiso S 2 poaon nwNa .a 
Q a = Q 2 = 5-10-6.20 = 100 fiC :KV1 ^ 1,3 ^ ^ 071 ' 20 V 


:Nin ontn .bsyoa ost w nina S, poaom tiso S 2 "Wfo .s 

_ _20_= 1 A 

5 + 5 + 10 


U t = IR = 1-5 = 5 V 
Q 2 = C 1 -U 1 = 5-10-6-5 = 25 /xC 
by nnon ,nsn\y> Nb C 2 bapn by 
u 2 = 1(5 + 5) = 10 v 
Q 2 = 5-10-6-10 = 50 fiC 


:Nin Sj bapn by nnon 
:Nin vby lyoon 
nnon □nuø o>ppaon >sv> nøNa 
:nid C 2 bapn 
:Nin vby iy\?an 


.7 


10 + 10 ~ :Nin bsyoa ontn 10.12 

U AB = 10-1 = 10 v xm B'iA nmpsn nnon .n 

xm bipvn bia>pn .bipwn bapn by nnon os int .:i 

C x " = 10 + 10 = 20 /xF 


C T= tr%o = 4 » F 

Q = C T -U = 4-10-6-10 = 40 nC 


UAC 


40-10-6 g v 
c 5-10-6 


:Nin bipwn bapn by lyonn 

:Nin C n B nrnpsn pa nnon 


U BC = U AB - U AC = 10 - 8 = 2 V 
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Q = c-u = -12 = 24 liC 


U 3 = ^ = 24 ' 10 6 = 8 Y 


.12 V niti o’Papn >w Py nnan nina ppannvo .n 
:Kin Pipwn Pipn Py lyvinn 
:pPi ,Pip Pi Py ivoon mi 


3-10 -6 

Num ,io n P\y tuP P'ipoi omme Q’Pipn >iw nwt> poaanwi 


Rt = 10 + = 15 n 


I =: 


10 + 10 
12 

1Z = 0.8 A 


Rt 15 
U = I R = 0.8-10 = 8 V 


Q == C T -U = 2*1Q~ 6 *8 = 16 /iC 
= 5.33 V 


U = 16 10 ~ 6 


3*10- 6 


:biyB2 >bb:?n 0“1tn T\H 
:N>n nbip\yn rnmnnn 


:Kin 10 q P\y mn by nnan 
:Kin bipvyn bnpn by lyom 
:Kin 3 jiF bvy bnpn by nrun 


30 V bvy nnon .bayjon o-k yn o>mno S 2 ‘i S 3 o>ppdqd -wnd 
pbrmE N , in ovy o^nnnn o^bipn >ivy by cm 10 jnF b\y ivbyn bipn by 

(q>d^ o>bipn) o»j\yb 

ninp*D >bKB\yn bapn .biyan o-w yn yny ninai S 2 n ~mp nvwD 
.30 V >on onrmn o>bapna iuh bD by nn>om 
:Nin ontn .biym o*h vj» o>ni)p 


X T 


^L_ « |2. = i a .(a>m o>b 2 pn n\inb\y) 10 V Nin bip b:> by nnnn 
R X 30 


,N 


.n 


.i 


Q = Qoo [i - e -t / T ] ; >|)3fn Pw nvspnaa p\?an dn rnNJion nnrui a>su 
Qoo = c-U = 100-10“ 6 -10 = 10~ 3 C :Nin ’aiwm ion ijionn 

r = R-C = 5-100-I0 -6 = 5-10 sec :Nln 1atn Vnp 

Q = 10- 3 -(l - e - 10_3 /5-10- 4 ) _ 8.647-10 -4 C = 864.7 /iC 


10.13 


10.14 


10.1S 
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.10 V nid bapn by rinan poanrw >aab .k 
Q 0 = C U = 50-10" 6 -10 = 500 /iC :Nin pdk pta lypan 

t = R-C = 10-5010-« = 5-10 -4 sec 3 

Q = Q„ e -t / r = 500 H)- 6 -e- 10-4 /4-10-« = 4.094-10~ 4 C = 409.4 ftC 
U = U°-e _t / r > 

0.2-U o = U 0 -e-tA 

t = -ln(0.2)-r = -ln(0.2)-5-10" 4 = 8.05-1Q- 4 sec 


10.16 
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mmjio niv - li pna 




’H 710*1 

? 2 A avy ont ia tnw oiwh !r>nn o.s m pmoa >\?i>»n nwn mn .1 

oit na mit dn 20 cm ncimw rpaiyo nana 7v> ntanaa >\?»an mvn ino .2 

? 1 A av 

! 1 A !?w onti nooa ooima 100 iai ion a>ao -pna ’owon mwn inn .3 

ami) >\5M«n mvn ma . 11.1 moa iiron oivi>n a>na mit 2 A av mt .4 

:jvmpia (11101 

D (-2,-1) ; C (1,1) ; B (-2,0) ; A (2,0) 

y 

j .onona omm o’pnnnn aa 



I 

11.1 -\V2( 


rmin mo .( 11.2 ira) <pn nw>na N*am oitow a>na mit 1 A !>» ont 
j^in mv>aa in 01 niNKnin B -1 A. nmpia (11101 a*m) >o»nn 
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.6 


lo pnna nfma . B N>n røMan n-røn nnjoy >3io:w b’no i m b\y pmKn 

?o»rø »o nrøp røisan n-røn nasiy n>nn b>nn 
n-røn inn .( 11.3 m>*) Y -n ms by x*ai b’nn . 5 A bv omt 'sioi’N b>n:i 


:nwan nrnpn (pvai bro) røwon 
.(onona omoi o>pnnon bo) 


z 



y 


A (-1,0,0) 
B (1,0,0) 
C (0,0,-l) 
D (0,0,1) 
E (1,0,1) 


■ 7 


11.3 IVa 

A bvy mrø ont amt nfa nf 0.5 m bw pmao om^ain a>b’ipo o>b»n >rø:i .s 
11.4 mm niy> 3 ion D,C,B,A nvnpn bipwn rø»nn n-røn ma .yivon iniKi 1 


£r£> 

0,5m 0.25m 0.25m 


* 

0.25m 

t 


11.4 m \vx 
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. 50 cm nnppp m>PB -pi n:ny io 4 T vriK >piib nip .9 
:o>Kin onpm map^n *p*r ^opd ide 
.>p:n>on tvtp!? tdjind mipnn .n 
.>pia»n mpt> nt»ap£ m>pnn .n 

.>piim niPb 45° -i jnjpan .5 


'a non 

.(n s nvs) yvp om i A om “mKi .om o-m o^>ipo o>t?»n >ipi .10 

.nw mim pmm o>nsqi o>^»rm 




B 


o 


lm 


A 


o 


11.5 ->VS 


pmm jinkoid A rvnpii bipwn >\siinn n-røn on (pi>Di b*m) I ontn mn .n 

?t>0Nb mw o'’b»Jin »røn mw 

-b nw A rmpia bipwn røwnn n-røn dn (ymm b-m) I ontn inn .3 

rnbyn ’obD 21 o -7 T 

b« nonn Nnni b>nn in 1 m bw pnnni . 2 A b» ont m« 'dtoi'n b>ra .11 
Nnni b>nn .iiywn in >33 1 A bw ont nnif rm 0.5 m novrrø mbiyn no'no 

| .(11.6 -mm D3>33n "lrø'133 

?n:»-on onna bipvyn røunn n-røn inn 



11.6 1V3 
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.12 


,3man ,<pm . Z *n -v* )>y N*ai !?’nm 2 A !?w o*w o*m >oipi>n >\tq 

.Y -n -i>n yn>D 3 10 ' 7 T bv -r>r>N >dhd mw cmp 
rnwan nnipia cpvDi Pto) Pipwn >oi)nn mvn mn 



A 

B 

C 


( 1 , 0 , 0 ) 
(- 1 , 0 , 0 ) 
(0,1,0) 

o>pmo?j bo 
.o^poi omm 


7 pK . 1 A mrø 07 t o 7 it ntt? nt d>dj)ko q^oip^k vjyja 

:mKin imipii bipwn mpn )no .Y -n w by b>m X -n 7 >* by 

A ( 1 , 1 , 0 ) 
B (- 1 , 1 , 0 ) 
C (0,0,1) 


X 

n> 3 nb;o mioo o>p> 3 oo 5000 i>mo> 7 o 7 opdi 60 cm ):niK^ *]vin b>bp bK 
. 0.5 A b\y D 7 f 07 tt b>bo:a . 2 cm "i 1 cm rvmyba *pikp rupp 
?»p«on rrrc/n pvDb raiwa K>n on jnap»n 717 <p\yn mo .k 
? 90 ° -i rum omioo ok m>pnn 777 >ojiDn <]ppn >p>pn in» .1 
? 45 ° -1 nmK o>onp)o ok imoEn 777 >P 3 >£n <)p\jo >p>pn ino .a 
o>b> 7 ;»n >p)inn n 7 Pb rmiKo mipon 7 pko ok >pd>dd <}ppi )no .7 

? q>^p >d o7^n rmiy nK 



.13 


.14 
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.15 


R røvrrø i>n -prim ninn ’oxtnn mon tin aan« pin mfya vaon 

.m>nN nia’osa i Dit 13 min 
( r > R) b>!?ib> >pn» .n 
( r < R) -pra .a 


11.9 

mif nai nooyn o> i’n!? mon .rn'nN nia>am I mt mif ;»na 
*ionN pin nifja vavyn . (11.10 n>s) -pan pioa rrnnn ma>aaa I ontn inw 

:>o»nn mon tin 
( r < r,) >nnon ininn -pro .n 
( r i < r c r 2 ) >nnan 'pnn .a 

( r 2 < r < j) n’b'inn naoynn "pna .i 
( r 3 < r) n>b>ban naoyni 'pnn .-r 


11.10 ivs 
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.17 


i m ly!?* -piNw yian ita-ioai irø>a onsi' o^aipi'N o’!?»n nyaiK 

.5A!w on o’antn !?a . (11.11 nv*) 

;lnppn »ounn mv/n m» 

.yiann tanoa A n-npia n 

.n>nnnn 20 cm B nnipia .a 

.A rmpjn i« ni>a> 1 m C rmpn .1 

•C 

11.11 

iy!>s itinw ytan on*i> (11.12 -»>*) *yrn nrø’a!? o>au>i o>;»ap» o>t>»j , i 4 .18 

. 2 A nid t?>n iba ontn . 1 m 
?yiann tanoa A nripia inpwn >\?«Kin mw mo .k 

? A rmpin >yo 0.5 m nNnoin B rmpia inpwn »oiion mwn ino .a 

O *B g) 

• A 

11.12 TP3 

<2> O 

; io A 5\'J ont 111 2 cm pman roin\jo jwiiq \:>nn n>nn m\y n>Titn >na .19 

rmioæ v^nnn nn>n i»ra o-n n>n k!? who on 

o -«=- 

11.13 TP3 
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.20 


•v* -pvn .b’ban -vun 2 5 ° nocnai >paw in« b>ba man nnna jirøna \>na 

. 0.5 A bw d*h b’bpn .nnyn - nnta Nin b>bpn 
;b’bon oiaia>bn Jiio'an >nn 
0.1 A 'yv ont o>b’>jn . 30 ° 'yv n>ma nf tin nf oonm □’>oiu.i>n o>b»n >rø 

nn>nn rmpin m>n> 1 m nNiimn A nripin bipwn rønnn n-røn mn .n 

? (X *n n>an) o>b”nn i>n 

-rp’nn rmpib nnnn :tm TiNsnin B nripjn bipwn røwnn n-røn mn .n 

? (>b>b\yn Y -n van) 

nripT bya <vrb >(ina 1 m nNiinin C mipn bipwn rønnn mvyn ino .5 

? (Z -n van) vn’nn 



ii.a4 mm 


.21 
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Trt!?N\y!? jiurøji 


go I K'I 

2tt t t 


2-10~ 7 -2 

0.5 


8-10“ 7 T 


/V 

2a 


4ir-lQ-M 

2 - 0.2 


3.14-10 -6 T 


B = = 4x-10 _7 -100-l - 1.26-10-5 


:nnpu2 \ynn\yj 


B 


2-10“ 7 -I 


! \c 

“f ty A _ 5 


\ U 


B a = 21 ^ — = 2-10 -7 T 


B b = 2 ' 10 7 '^ = 2-10 -7 T 


B c _ 2-10~ 7 -2 _ 2.83-10 -7 T 


Vi 2 + i 2 


B d = 2 10 7-2 = 1.79-10" 7 T 
V2 2 + l 2 


:A rmpia 
•>ai>nn y -n -vs yivaa 
:B mpn 
.»!?'!?wn Y -n -vs ynoa 
:C rmpia 
X -n -ps !?yn 45° 
:D mpn 
:N>n n>iun 

.»avnn X -n *ps nnno 26°34’ -a 


n.i 


11.2 


11.3 


11.4 
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b A ■ - : - 10 1 ‘ 7 ' 1 = 2’10“ 7 T :A nitpil 11.5 

-pn tin nid 

b b == = 4* 10-7 T : B n7P» 

.nsinn «nn ia niti pion 


N>n >dippn Jimpi ^aæn rvT\y^ n>»Dn nntnm n.6 
2-10-M 


B _ 2»io~ 7 "i :U”w >0 )K>p nn\yn r* pmm 

2 r' 

I = 2_ pHS« 

r r' 


r' = 2 r = 2 m 


:Nin i^nn )n i m pmoi rnwn Ima n.7 


n 2*10 7-5 _ | A-6 y 

Ba,B,C,D = - - x -= 10 T 



.^ivnn Z “Ti *v* Nin >o^qti m\yn iivd A niipn 
.>b>bwn Z *n n>a Nin >v?^) 2 n tiivj'ts pvo B nmpTi 
.>b>b^n X -n n>* Nin >u^dti nwn yn>:> C niipm 
.>ivnn X -n n>* Nin >vmfln mwn 1110 D nnipin 
.>ivnn X -ti nnnn 45° -n Z“X nivnni Nin >oi>nn nwn pvo E nnpn 
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.nf nN nf o'troin nnwn mw inpvun >o:ann mwn A nnpia 11.8 


? S 

! r —•-&-£-.©' 
0.5ni 0.25m 0.2Sm 


0.25m 


b a = = 2-i0“ 7 T :miti i !?>nn id rrrwn ,B rmpaa 


B = 7 '^ ; - 4-10" 7 T 

* Q 5 4 1U 1 


:Nin 2 ID mVT) 


B b = B x + B ;g - 6*10“ 7 T 


:Kin >03>Dn rmyn 


B* - B 2 = -g .. lQ~ 71 - - 5.66-10 -7 T 


/0.25 2 + 0.25 2 


:mw D>^»nn >:iwa n-røn C nripia 


B c = 2 B 1 -cos(45°) = 8-10 -7 T 


:Nin i P>nn ia røwon n-røn ,D nripn 


B, _ - 210 7 1 - = 3 57 8 .jo -7 x 

V0.25 2 + 0.5 2 


Bj = 2 0^25 1 = 8-10 -7 T 


:Nin 2 i»Jin i» n-røn 


:N>n n’iitn 


tg(a) = = 0.5 -> a = 26°34' 
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:Nin X -n mn bipwn mwn 


B x = B, + Bj-sinCa) = 8-10" 7 + 3.578-10- 7 -sin(26°34') = 9.6-10' 7 T 

.-niti Y -n ma bipvn nwn 
B y = Bj-cosCa) = 3.578-10 -7 -cos(26°34') = 3.2-lCr 7 T 

:Nin bipwn »vanart rnvn 

B = JB X * + By i = V9.6 2 + 3.2* = 10.12-10 -7 T 

:N>n wmn 

tg(fl) = 5^ = H = 0-33 -> P = 18°26' 


<j> = B-A + :N»n *|\?Y>n nmm 

<t> y = 10- 4 -50-10- 4 -sin(90°) = 5-10~ 7 Wb N 


= 10 -4 -50-10 -4 -sin(0°) = 0 -Ot 

4 > 3 = 10 -4 -50-10 -4 -sin(45°) = 3.54-10" 7 Wb .i 


.1 A * nm nomyni '(in »aba - pron om pvab nnt ni»nb a»»n iivan .k 

9-1 ft“7.1 

B ± = Q5 = 410 ~ 7 T :K1n 1 ^ >r,n W 'vnm ™n .a 
:Nin >:røn ontn nwn nn Nin !np\yn niv^n on 

B 2 - B x - B a = 2*10~ 7 - 4*10” 7 = -2*10 -7 T 

21 0 °~ 7 ‘ - = 2-10 -7 I = 0.5 A 

.pi»an iniKi mn om - -pan pvaa n»n» mrønv na 


B 1 = 2 0S 71 - + = 5 - 331 0" 7 T 


(1) .1 
.noo oba Nin pion 


B* « + 2-10“ 7 -0,5 =: 4 >66 . 10 -7 t (2) 


0.5 


1.5 


.nun o^o Nin i^on 


11*9 


11*10 
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z -n -vs 



:ron3ni i>m iw nvrøn oiaon nid ip\yn »wian nwn 

0.1 ()~7.y 

B i = ] = 410-7 T :^’nn iw >o»on mwn 


R _ /Vi_ 4;r-l( )-7-l 
* 2r " 2-0.5 : 

B = Bj + B 2 = 4-10 -7 + 


. 12.57-10 -7 T ^ 'oaaxan m\yn 

:inpvyn >\waon n*T\yn 
12.57-10“ 7 = 16.57-10 -7 T 


0 n>:?n ima on nmn A rmpai 
B a == 10~ 7 + ^■ 10 1 ~ T ' 2 = 5-10 -7 T 

.'ai»nn Y -n -ns Nin in>an 

:onaiM o>iii>aa on nnwn o\y B mpu 
-3-10- 7 T 

•*!^vn Y -n nid -pvan 

:nid iipwn n-røn .90° nvi m-røn i>a nvwn c mpa 

B = J(10~ 7 ) 2 + (4-10~ 7 ) 2 = 4.12-10 -7 T 

tg(a) = i 10 7 = 4 -> a = 75°58' ;N>n n>mn 

1-10 -7 

•’^vnn Y -n -vira N»n n>imi X-Y -irø>oa Nin pivn 


Bjg = 10~ 7 - 


2-1Q-7.2 

I 


I y nai >ai>nn Z -n n>* pv:a Nin I x b>nn ya o*nn :A 
Nin inp\yn mvyn pi?i D?n\y o^ntni o>iw D?pnnan .P>i?wn 

•>nvnn Z n?ai *)ivdi Nin owun nsian m\yn :B 

. i n— 7 -1 ] 

— Y ~— = 4*10 7 t :Nin i?ipv?n mwn 

•'^n Y -n w iivdi Nin I x i»nn ya nwn :C 
.ni>nn X -n n>s yim Nin I y i?>nn ya nwn 


ii.ii 


11.12 


11.13 
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. 45 ° wr) mitn pin rvw nn\yn tidsiv 


:Kin inpvyn m\yn 

B = J(2-10 -7 ) 2 + (2-10 -7 ) 2 = V2 -2 10- 7 = 2.828-10" 7 T 


:n>ii>> 07 i jmvv» '\?wnn ;rwn nN n 2 >nn arøm 11.14 

B = *9™ = ^•10- 7 -0 5 5000 = 5 23 . 10 -3 T 
1 0.6 

:Nin .H 

4> x = B A + - 5.23*10 _3 *(l*10” 2 *2*10“ 2 )*sin(90°) - 1.05*10”6 Wb 


<t >2 = ^!*sin(0 0 ) = 0 :pi> ,Kin ivwn >u>\y .pon nid <pt» «pwn n 


A<£ = <f> 2 - (t> 1 = 0 - 1.05-10" 6 = -1.05-10 -6 Wb 

:Hin io\yn .> 

= ^-sin^S 0 ) = 1.05*10~ 6 *sin(45°) = 7.4*10“ 7 Wb 

A <f> = </> 2 ' - <t> x = 7.4-10~ 7 - 1.05-10" 6 = -3.M0“ 7 Wb 

0 2 " - 2-^i = 2.M0- 6 Wb .1 

:Nin io\yn >u>\y 

A <t> = 0 2 " - (!> x = 2.M0-6 - 1.05*10-6 « 1.05 10-6 W b 


:>aW3>N i»r> iW 10D Nin nTOn int?P *071 rmpn *WND .K 11*15 


BL = |» 0 -I 
B*2?rr = p 0 *I 

BL = /i 0 *r 
B* 2 flT * fi Q V 

V TIT 2 


B = 


/vi 

2ffr 


:ir>i»n lira a 

:o^nu\yn piv mn orwa pn>n .1 -a pt?n kid r 


I 


7tR 2 


r - 


R 2 


■I 
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B*27rr = 


R 2 


rN'in >ott»n rmøri 


t> _ J*o r T 

B “ SF r ^ 1 


i»nn aw nyovyn pN) noaipn Nmiaa ibd nid innon >»>on aPsn -pro .k 
b = — -— i (Pis’nn 

2sr r 1 z 

:ou«>n a>n aw natyn iaa nid navn oPPan pi .1 


B = 


2nr 


:oPPan >iv/o nai-m w> >io>nn apan pma .a 
BL = /i 0 r 

B-2irr = /i 0 -(I - I 2 ) 

nid oatnv pvaa Nin (-) - n .»aui»nn a>nn a\y ’a»aan panaw ontn nid I 2 

•lorin ppaa 
:o>rrown on> niti I *i I 2 pa tamn 


h ™ 2 ~ 


r 2 - r 2 


I irr 3 2 - irr 2 2 r 3 * - r 2 2 


»i-I- 


f 2 _ r _2 


r 2 _ r 2 
r 3 r 2 


:B p nnoiaa a’K3 


©I 

=H 

ii 

1 - 

r 2 - r 2 2 ' 

= ^-1- 

i 

(4 

M 

►i 

N 

2tvt 


r 3 2 - r 2* 

2irr 

r 3 2 - Vj 


oP”nn >ava niw oatn naany o v on nid paan onm >ao>nn apaa -pna .a 

.DONa mw Paan nawn ,pa .nanoa tidotii nå-må 


:pa ,na>aa Nin ,oP»nn nvaiN aaa ,A naipaa ’iaaaan navn pio .n 


B = 4 - 


2-10- 7 -5 l = 
0.5 

V 7 


810~ 6 T 


inarrøn Na I 2 -ai I 2 -a navn 


B = B, = 2 ' 1 - 0 " 7 ' 5 = 2 - 10 -« T 
1 2 0.5 



1 2 



•A i 

• B 

3 

•C 

^4 




11.16 


11.17 
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:Nin I 4 -ai I 3 *n mvyn 

B, = 2 i Pv : - = 3.3310~ 6 T B- = - 2 ' 1 ,?' 7 ' 5 = 1.428-10" 6 T 
4 0.3 3 0.7 


:Nin inp\yn m\yn 

.7in>33 V>li) NID '|1VD71 

:’n pi>m ied on I 4 n I } o'antno o’xn»n nnvyn C n-npia .s 


B x = B x + B 2 + B 3 + B 4 = 8.7610- 6 T 


B 3 = B 4 = 2-10-« T 

B ± = 2 ' 1 1 °^— = 6.67-10 -7 T 


:on I 2 ‘i Ij o’mtna imwn 


B, = = 2-10- 6 T 

2 0.5 

:onnNn mivyn nw5v5 uivm *pon B 2 mv n oyon 

B x = B ± - B 2 + B 3 + B 4 - 2.67-10~ 6 T 

.7)£>JD KID IIVDn 


!?\y mvyn nN i l?\y mvyn >d ddn kid yunn dikq nyiion mvyn 
B . 2 t?\y mvyn m 3 i?vy mvynv 4 

O • <2> 

1 2 





o 


.N 


•liVDn inito bid 2 n i ^ mwn B nnipia .n 


tg(o) = “ = 0.5 -> a = 26°33' 
B x = 2-B : - 3-B 3 -cos(a) 

18x1 = 18,1= 2^2 = 8 .i 0 -r T 


:0>31VD71 JiN 2WT)) 

:Kvn inpvyn mvyb 
:on 2 -u nnvyn nn:ny 


11,18 


191 



:on 4 "i 3 nm>n nmiy 


|b 3 | = |b 4 | 


2 - 10~ 7 -2 
V0.5 2 + 1* 


Bl 


2 -1Q-MQ 

00.02 


1-10 - * T 


B e | | = 2.9-10 -5 T 


3.58-10 -7 T 

B-p = 9.6-10 -7 T :Nin bippn mvn 
.nbya >ab3 Nin pion 
:Nin b>nn» o*w:n »oasan nnpn 
••Nin 'pNn nu bw niwn 3>on 


tg(a) = 


Bj_ 

Be|| 


1-10~ 4 

2.9-10-* 


3.45 -> a = 73°49' 


;N>n ji>mn 


B i = P 0 -l-n = 4x-10 -7 -0.5-n 
B e || = 2.9-10 -5 T 
tg(a) = 0.466 


tg(a) = 


5i_ 

B e|| 


:Nin b'bpn b\y »pisan niwb »ipon 
:Nin "pNn HT3 b\y nwn 3 on 
:Nin n>nn tg 

:b2p31 3>m 


Ej = tg(a)-B e |j = 2.9 10 * 0.466 = 1.35-10-* T 


n = 


»i 

25T-10- 7 


1.35-1Q-* 

27T-10 -7 


21.49 


.22 in 2i Nin ,obv nopa nvnb 3»n Ninw inoa ,-iapan 


X = l-cos(15°) 

D . 2 - 10 - 7 - 0.1 
B 1 = -Y- 


.nm<n oido Nin bippn n-mn .n 
:Nin pnnan 


2-10-7-Q.l 

lcos(15°) 


2.07-10 -8 T 


.«l*rn 7inb Nin ilion 

.nnt onnmyi onniD nnwn ono >3 pon Nin n-røn .3 
B = 2-Bj == 4.14-10-8 T :mppi! Nin n3>nn .i 


B = 2Bj -cos(15°) = — 10 t 7-0 - -cos(45°) = 3.86-10’ 8 T 


11.19 


11.20 


11.21 



♦*»>yn nan -12 pi* 

tr wz 


'n n»n 

>pna rniyp piNaa s io é m/sec P\> xm’naa pidi io~ 8 C !?vk iypa .1 

?'il)onn py pyimy ron ina .4 Tiw 

nn>naa vin iriopPNp oi-o'p Pa>i>an ’ounn mvyn inn .n .2 

J 3 . 210' 18 N Pp nap 10 7 m/sec 

,ynppPMn itvinP onw o”ip >o Pvn >0110 rnw nvnp Pid* ond .3 

?ron uyinP ,jm>nan nniNa 
?nn>noP »piinn mwn i>i n>mn >na ,p dn 
nvvnai s T inamyvy *T>rw 'Piia mvyp 60° Pp n'iun pidi iiona .3 

. 210 6 m/sec 

nnpppNn Py Pvidp ron ino .k 

’livman Papap nimm >no .:i 

*pfw ’onn rav 1 ? pidi 0.02 gr Pp npoi 310" 4 C Pp >Papn iypa a 

.100 m/sec Pp nnviaa 10 T inamyp 
nvpon Pp aia’pn pim ina .n 

ma’pn irnnji via .3 

tttpi 0.1 T Pp >p»a mp iai tk>nP piNaa d'pidi iionm ynpppN .s 

.nip nt oviiKan 10,000 N/C Pp »Papn 
np» ipa ynp inapPNn i>pd> nn»na w»ni .k 
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V 3 ynb ppn» Nin mm »aa yub ponan pns nn»na itma .a 

np» 

oh b»nn by bya»p nan ina . 2 A bp mt o*m 50 cm laniNP b»na .6 

: pi»aa 8 Tiw a»nN »033a na Pb p 3 ai» 

?b»nn pi»ab -piNa .n 

?b»nn in>oi? b»apa .a 

?b»nn pi»ab 30 ° n»nta .3 

baai ,nt» nr 50 cm pmaa o»Naa 3 o»»aip 3 »N o»b»apa D»b»»n » 3 P .7 

wiN 3 o.s A bp onr » 3 Pai 0.1 A bp oar anio .onr onir ono am 

.pi»an 

?o»b»»nna anN ba by byian nan ina .n 

?o»b»»nna anN ba by byian tvin Jia»n»b nan ina .a 

»P 33 an rnpm 100 V Nin ia »{»Nan nnanw pnoibp»*a »{Nia ppina .8 
. 10 cm Nin »P 33 an napn »pbn »3p pa pnnan .1 T ibp 
.pnoibp»m ia hxv Ninp ay o»aia»p 500 aawpa poinan 
nmaibp>an ia n.w Ninpa poriab p»p n»P 3 »pn nnnwtn »na ,n 
? pnoibp»an ia n*i» Ninpa poinan nn»na »na .3 

nN 03 bbia lam) ?pnoibp»an pna ponan aainpn pir naa .3 
.(» 033 an nawa iarn tin 031 »baonn napa lam 

?pnoibp»aa nnan nabnn mn>an »na .a 
ibp »bapnn napnp mpa <in 3 iopaoa o»yi pnp»iai ppmo .9 

. 0.2 T ibp >P 33 an napm 10,000 V/m 
?m»n»nan nma nnNb pnp»iam poinan nn»nn »na .n 

?pno»iam ppman ny»3a bP o’pnnan pnan ina .a 

a»nN »033a napa 10 5 m/sec bp nn»naa yi 210 8 C bP ivoa .10 
anN baa (pi»ai bai 3 ) lypan by byian nan ina . 0.5 T inaaiyp 

:o»Nan o»npana 
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o 


( 1 ) 


( 2 ) 


x X X, 
X X x’ 
XXX 

(3) 


XqX 

X y X 

A b 


(4) 



12.1 


innmvvy i>hN >v?ia>:i rn\yi io 5 m/sec ^ jvn^nfci vi - 4 io ~ 6 C bvy ivob .11 
:onon onpnnfl ihn tm ivoan bv ^V^w tnm) n:>n inn. 0.2 T 


V 


( 1 ) 


y X X X 
XX XX 
BX X X 

(2) 


30° 


(3) 


© V O 



o o 


(4) 


12.2 *V)>* 
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. 0.2 T bW 7 >nN ’\?MK) mVO N 2 H 311 1 A bV Dit NV11 20 cm 1371NW b’D .12 
:o»Kan onpono -ton baa nan yn>ai iiu m» 









h 

k 



D 




I 



X 

X 

X 

X 


X B 
X 

XX 

XX 



( 1 ) 


( 2 ) 


(3) 



12.3 7VK 



out miooa . o.2 T mamyvy ’o«o n-røn jihuoi s cm 2 nnvrøw mion .13 
jmioon by 'oioinn m*a ,P 3 Nb niw mioon -p-r <i\?\yn . 0.1 A b\i> cnt 

'a rim 


k 

2A »a 

10 cm 


. 2 A bw D 7 f OTK >D 1 P 1 >N b’rD .14 

2 io‘ m/sec nn>naa yi yrrøpbN 
(ni'in A rnipj) b'nna io cm pmm 
by byarø opvai bni) nan ma 
:Q»ton onpnano nni« baa ynopbNn 


12.4 T>>3 
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4 .oitri ilion yi ynop>Nn .h 
.D- itn iiVDb lian ilion yi pnop'wn .3 
0 .<nn Tin >n om ino> iiinm yi inopimn .1 
"■*- P>nn iivn> ontn ino> pmaa yi irropbNn .i 
/ .A mipini >>nn Yi\y>a 3 >’nn ynoo jo 0 >\y mim yi inop>Nn .n 
nan in*i aman ion nsbi Y -n n>n pion 1 T >\y -rn* >*>»« nw .15 
>33 51 o 4 m/sec >w nrvnan yin 2 gC >\w iy\?K) >y bya>v (11101 >-m) 

? 1-5 oouono nnN 



>oua mw> 10 6 m/sec nn>no 3 tum io ~ 8 gr >w nom 310 3 C >vy iyv?;o .16 
.B mipi> im nnN> yom ,A n-npin 2 T -pn* 


O 

B 

12.6 m>* 



>B -1 A i »3 pnnnn mn .h 
?B mipi> A mipinn *|i>n yo> im nao nnN> .3 

?C mipi> A nnipinn <iun y>i» im nas nnN> .1 
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.1 m bw o>nt o>pm»:i o>b”n nvnbvy .17 

1 A^ cnt onu onn o»jva 
bN 0.5 A >ys»Nni '(ino 

Ira 1 m 

«— —► + -► .*\m *pn 

O ( 8 ) O ■piN tnpwn non ino 

?o>i>”nno nnN ty ty Pvmn 


12.7 1VS 

nimnoa o.i T inomvw *nnN »ono mv^ 30 ° n’iita owi iiona .18 

. 10 7 m/sec 

’lionan nvun ty ai3>pn oim ino .n 
rtnriN 3i3’p iv/oa yrønan naivw ’paiNn pnnon) nv’oan >no .3 
ty rnN ’liopn nw i3P mt>N3 nviap mmnoa vi ’^>P\y ivoo .19 
nnn oiaii , ni!? ni o’aiiNon 0.5 T ty rnnN ’ono mvn 1000 V/cm 
ai3’p >sn aainoo Nin ni mt’N3 .’onon nwn pn nhoi law mt’Nb -\o 

. 4 . 5 S -' 4 m Nin aia’pn noip 

?o’vn>n o’p’pSnn -rnNp o’ntio Nin oNn »ivoon ty q/m on’n ino 
’piio nnw!? qiiNoa pian 10,000 V ty o’bN’sioia vnana '{nio inop!?N 

. 0.5 T inomvv? ton 
jynopbNn ty aia’pn oim ino .n 

» 3 i 3 >pn ninnn >no .3 

ino .B mnN >0110 mvyV -jiino 3 o’oim nd^n p’pimi ivto’vt ,iiona .21 
’O’^N’moia man iniN 3 iKNin on o'iwn o’p’pimn ty aia’pn ’pmn pn’ 
om 13 omtp ’aiPi’N i»no 2 cm pnnoa jinko? ri’iaVo mipo .22 
ty i>vian lopwn nan ino . 2 A ty om onit nmpoa . 5 A ty 

?mipon 

i’aipi’Nn i»nn ty !>vian bippn nan ino 
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5 cm 

12.8 2 VH 


o>N*Di o»!?”nn . i A bw om omt o”oiw>n o>i»'n nvytøvn .23 
inn . 0.2 m iy!?n tunv niyi?* mw wbwo vnp-Tip nifn^vn 
?o>i>”nna in« i>2 >y b>inan tvin m’n’b» bnpiyn ran 

.o'oin »ivn ’ii>n 200 gr inooi 1 m i 2 niN\y !nn .24 
o’iKono mN 522 \?in 1222 mrvnnn >no .0.1 A iny mt omi bnm 

:D , N 2 D 

0.1 T TnN ’vjiiq mv o”pi B -'y A -a Nin 5 >ni omn .n 

.»lin tid 5 h 

0.1 T y\) -pnN >\j«d m«i o”pi A -y B -a Nin i»n2 oitn .2 

.<lin im i>N 

0.1 T 2>nN ’\2iiQ n-ny o»pi B -y A ~a Nin b»n2 omn .3 
.o’mipn onp>m\y 'ouon nTOb nno> n>paw 37 ° n>ni2 



12.9 m>K 
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yiioa o.i T bv; T>nN >\ 5 iia mw byia nanpn nbNvoiy b'nn by .25 

.n byo 

ilfpwa '’tw anoa o>b”nn i>m iiNb n>m iPNa .n 
?o>oinna irn ban nin>nan n>nn na .a 



12.10 TOS 


*P» nNsina .o>s>op >:w by min 2 m ianiNi 10 gr inoav b>n .26 
0.1 T b\K i>nN >v?iio mv> oP>yao . 1 cm -a vap piann 
bw ont b’na ont> on >(>apn nimiann n>nn na .pn im bN 


X X X X 



: 0.1 A 

?B -b A *a .n 

»A -b B -q .a 


12.11 ivs 


.moo psiopaoa o’inaio ai Na 23 -1 u Na 22 pro b\y o>ai\?it>N >i\y .27 
iyoo >bya on>iv> .2 mm Min mba iy>a onav; o»pnnon v<nan 
nnwn mo . 20,000 N/C n>n m>n>nnn nmaa »bownn n*iv/n ,i>n' 

ipnopatn n>nv» mnon 
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rav m mt>Kb 30 ° nma 5 io 6 m/sec b\y nwn«a t?m )i«ro .28 
mipib yuron y>>n n« nnnb (A mipi) o.i T b\y i>nN >oi>« 



.B 

?AB pmon in« .h 

iy iaiy\y imn in« .i 

A mipin« y>>« yorianw 
?B mipi!? 


12.12 

?uii« nwb t?ian io ; ooo Y b\y o>bN>m«iD vnana ^hi« yona .29 
mipn yin Hin n« y»* nnnb A mipn o.i T bw i>nn pin« 
.np>nn rmpi« 10 cm H 3 «in y?« by nN*«in B 
?yvman oipnnw (CB) >poinn pni«n in« .h 
?B mipib A mipi« yonan yn> i«t n«i nnnb .i 
ry?«i y>o> iiominw >ii >b«>i>«n nn«n ni>nb 7>n* n« .> 



12.13 n>n 

. 20 V bvy D>bH>^i«io bian vs» 12.13 iimvy Bi A mnpm vi .30 
in« . 10 n/m N>n o>b»nn minnm 1 m Kin yia>nn ybs ym 
:D>Kin o>ip>«a m>p«n by bipwn ron 
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.rfcyn pi’33 i T nid rønon n-røn .n 

.*rrn T»r» ;>n i t nid rønon n-røn .3 


12.14 1VS 

'a DKn 

>w »3 n-rø 131 nt’Np -piNna 310 7 m/sec !rø nn>naa 0131 iwna .31 
nf o'^apo 1000 N/C Irø -r>nN *!?nwn n-røi 0.1 T trø -pnn 

.nP 

»livman ’yv nyunn mis >no .k 

i-ppi-ian bw bvy anrøn pvn mo .3 

rnirøNin nyrøan >no .:< 

?n>røn nyrøan >no ,-r 

12.15 * 11 >S 

n-rø ni nf’Np 30 ° n>iif 3 s io 4 m/sec 5 v nwnoa oiai .32 

.1000 N/C irø "pnN Pown n-røi 0.1 T bv i>nN >v»»o 
’inop^Nn irø nyunn mis >no ,k 

»nirøNnn nyrøan >no .3 

inop^Nn nsy> oNn .1 
wra p on npaiNn 111*33 

12.16 H’S 



O © E 

© © ©B 

0 0 O 
© O 
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F = q-v-B-sin(a) = 10- 8 -5-10-«-4-sin(90°) = 0.2 N 


F = q-v-B sin(90°) .nn’nab ibnh n>n» >b»>B>3n >\?iian nron .k 


3.2-10 _12 = 1.6-10 - 19 -10 7 -B B = 2 T 

:B>mn bn axm ,iy\?nn Byun yivab B’iita n>n> nta mw ,p 


B'-sin(a') = B 


0 


sin(a') = | 


2Bsin(a') = B 

a' = 30® 

:nid ron 

F = qv-B-sin(a) = 1.6-10- 19 -2-10*-5sin(60°) = 1.39-10" 1 * N 

:N>n nxiNnn 


a , F = 1.39-10-“ . 8 > 3 . 10 i4 _m 
m 1.67-10" 27 sec 


2 


.2 


.K 


.1 


r = 55X _ 2-10 8 -100 _ o 67 m :Nin 3ia>on T?im .K 

qB 3-10 -4 -10 


f = q fi = 3-10 *;10 = 23 g 7 h z :N>n aia>on nnnn .a 
2 ?rm 2 ff- 2 - 10 -s 


E _ 10,000 , 05 m_ :N>n nyunn Bin'nn .h 

B 0.1 sec 

o>yaip nt?nn Nbi poon Nb >a nn’nnn nnwn yu> )wnw .3 
.nwn va on’n pn NbN ,im>nnn bn 


F = B-I-L-sin(a) 


:N>n b>B by byion nan nnou 


F = 8-2 0.5 sin(90°) = 8 N 


12.1 


12.2 


12.3 


12.4 


12.5 


12.6 
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F = 8-20.5-sin(0°) = O 
F = 8-2-0.5-sin(30°) = 4 N 


.a 


c _ 2 - 10 -Mj-Ij-L 

** ' (j :nnoiia iiron mw na byia Q»b»»nna -rnN ba by 12.7 

.»a>p:»N Nin on»by byian nan o»»aipi»N on o»b»»Tin\y yivaa .n 

.a 


:Nin tun rn>n>b nan 

E = 2-10 7 ' :[ i I 2 _ 2-1Q-7-0.1.Q.5 0 N 

L d O " ^ 10 m 


:N>n iioinon wanw n»co»pn n»;n:Nn .n 12.8 

AE k = AE p = 2-n-q-U = 2-500-1.6-10” 19 -100 = 1.6-10 -14 J 

:nn» npn tin Nsm n»:niNn nnpun .a 

m 


2 Ek 

m 


2*1 6 - 10 "i 4 

- 0 XU -= 4.38-10 6 

1.67-10 -27 sec 


T' = l»m _ 3 28 . 10 _ 6 sec 


:Nin onn'o 500 bw imn .j 
. nxiNn ni w nyun »nit iNa .»bnv/nn mwa imn tin. <i»t>mb v> -pb 


a = lia = li . <L = .100-1.6 10-X9 = 9 58 . 1010 _m 


m d m 0.1-1.67-10 -27 

v t = v o + at 

t = v t ~ v o _ 4.38-10« 


v o = 0 v t = 4.38-10« -S 

sec 


sec 2 

m 


= 4.57-10" 5 sec 


:ion pn 

:N,*in pn 


a 9.6-10 10 
t = T + t' = 3.28-10-* + 4.57-10-* = 7.85-10-* sec 

:K^n rm>nttn .k 12.9 


v = | = 1 ^ Q0 = 5 - 10 4 

B 0.2 sec 


:Kin o^nittri vjnsn .n 


ix . . 2 10 , 000 - 1 . 67 . 10 ^ . 

1 . 6 * 10 “ i 9 0 . 2 2 
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F - q-v-B-sin(a) :N>n nsn nnpil 12.10 

. 90 ° n>ti »onon m\ym nn>non ya n>ntn U) 

F = 2-10 -8 10 s -0.5sin(90°) = 10 -3 N .'|in Tin bN Nin yivsn 

F = 10 -3 N .90° N’n naiinn mwni nn’nnn ya n>mn ( 2 ) 

.nbNov Nin yivan 

F = io -3 N . 90 ° K»n ’owon mv/ni nin’non ya n’iitn (3) 

.nbyob Nin yn>an 

.ODNb mw nan .180° N>n onon mvni nivnon ya n'iitn (45 

F = io -3 N . 90 ° >on ’coinn mwm nmnon ya n'iitn (5) 

.»b’bwn X *n n>ao 60° *i >ai>nn Y -n n>so 30 ° Nin yion 

F = io -3 n . 90 ° N>n ’voion n*roni mvnon ya n>iitn (6) 

.»avnn X -n n>* byo 53° Nin yvan 

. 30 ° N»n >owon mwni nrvnon i>a n’iitn ( 7 ) 

F = 2-i0 _8 -i0 s -0.5-sin(30°) = 5-io -4 n .ytn io nmnn Nin yvan 

,iso° N>n >\?Mon m\ym nin’non ya n’iitn (85 
F = 2-10 -8 -10 5 -0.5-sin(l50°) = 5-10 -4 N -Tin io nmnn Nin yi’an 

F = q-v-B-sin(a) :N>n nan nnpo 12.11 
.90° N»n ’\?»on nn\yni nin’non ya n’iitn (15 
F = 4-10 -6 -10 5 0.2sin(90°) = 0.08 N .nin ya nxmn Nin yvan 
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F = 0.08 N 


.90° N»n ’ownn n-nym nn’nan i>a Ji'iitn (2) 
(»ai’nn Y *i>i« Nin ilion 


.150° no ’\?Mon mvm nn>n»n pa n>ntn (3) 

F = 4-10“ 6 -10 K -0.2-sin(150°) = 0.04 N .<1171 in nsinn Nin pion 

F = 0.08 N . 90 ° N'n , »\33jon nwm nn>n>3n pa n>ntn ( 4 ) 

X -n nol? nnn» 70° nid pion 

F = B I-L-sin(a) :N>n ron nnril 12.12 
.90° N>n '\?wan m\yni tnm pa n’inn U) 

F = 0.2-10.2 sin(90°) = 0.04 N ,<vrn iin!? Nin pion 

F = 0.04 N .90° N>n >\?«on muoi cntn pa n>mn ( 2 ) 

.ni>Na\y Nin pion 

F = 0.04 N . 90 ° N>n >o«on mwni onm pa jviitn ( 3 ) 

(ovnn Y no) nioni> Nin pion 

F = 0.04 N . 90 ° N»n >onnn mv>ni ontn pa jvmn (4) 

.ovnn X -n no nnna 45° Nin pion 

F = 0.04 N .90° N>n >\?»nn nwm ontn pa n>iwn ( 5 ) 

.ovnn Y -n noa nvo> 30° Nin ilion 

.37° N’n ’uwon mwni ontn pa ivntn (6) 


F = 0.2-1-0.2-sm(37°) = 0.024 N 
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,<VTn lin!? Nin yvan 


:\?iman nnom vjojtoi 12.13 

M = B-I-Asin(a)) = 0.2 0.1-510-* sm(90°) = l-lO” 6 N m 



:Nin A rmpia ’onan ntwn 12.14 
.<vrn *Tin i>N nvi uiva 
:nid ynupPKn nan 


F = q-v-B-sin(a) = 1.610- 19 -2-10 6 -410- 6 sin(90°) = 1.28-10" 18 N 

(*>b’P\y iy\?n int ’a) 7ivn> mn yivan 
.nbNO'u nid yvan .nuron yvan pi .3 
.pdnP mw nan p7i »\awnn m\yn yvaa Nin nyunn yva .1 

N>n ’onan nwni nwnon ya rvmn ,n:ma yvan iw .ir 

yva!? b’apo ron yva .’a -1 'n onp'na iaa , 90 ° yny 

.omn 


nan yva !90° yny N>n >\??ian mvm nwnan ya rvmn .n 
vavnn X -n -vs nnnn 30° A n-npini b'nn aw>oa Min 


nrvnnn ya nnvn vavnn Z-n-vs Nin nrvnon yva ( 1 ) 12.15 

.90° N>n >\?«an rnvni 
.y»7\yn X *n "vs Nin nan yva 
F = qvBsin(a) = 2-10- 6 -510 6 -l sin(90°) = 10 N 

nwnnn ya nmtn .»avnn X -n -vs Min m-vnan yva (2) 
urval 10 N y>iy Min nan ppi 90 ° N’n >\?uan m\?ni 

.»avnn X -n -vs 
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,>\?MK>n n-røn pio i»s ,Y -n no nid rm>nnn pio 

.©3Nb mw nsn 


O) 


.n-røb 4 S° bv n>mai X-Y nrø>m mn>non (4) 
F = 2-10 -6 -5-10 6 -l-sin(45°) = 7.07 N 

.’b>b«<n Z -n no Nin nsn pio 

•io N -b mrø nsn pbi 90° n>n n-røni nn>n>sn pn n>iun (s) 
.’b'bwn X *n n»i(b nnno 4S° o X-Z nrø»Di Kin pion 
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r = = 167-10 27 -10 7 -sin(30 g^ _ 0 52 m : fon nii'pn wn 12.18 

qB 1 . 6 - 10 - 19 - 0.1 


P _ VII T _ V || '2-Tm vcos(30°) 2ym _ 

II II qB qB 

10 7 -cos(30°)-27r-1,67-lQ-* 7 = 5 68 m 
1 . 6 - 10 - 19 - 0.1 


2mv 


v . i = m m _ 2 -io« -®- d = 

B 0.5 sec u q B 




:k>d nn>nnn 12*19 


5L „ 2v_ _ —2g j0 5 = 1.758-10 11 

m DB 4.55*10" 6 *0.5 


:Kin q/m urvn 


Qe = 1 .6-10" 19 
m e 9.1-10' 31 


Onop^Nn q/m om!? o>KnE m om 


== 1.758-10“ 


nmmnæ tik K 3 EJ inop bKn ^kid 110 o^wn oian vninn 12*20 
1 


q-U = - mv 2 v = 


2qU = 
m 


2-1.6-lQ-*M0,000 _ . 0 o . in7 m 
9.1-10 -31 sec 

:K1 n ni>OH OVT1 .K 


R = aa = 9.1-10-31-5.93-10 7 = 6 74 . 10 . 4 m 
qB 


1.6-I0 -19 -0.5 


:N>n ai3>on nimn 


V P “M 


f = J_ al = X 1 . 6-10 19 O.S = ! .4.1010 Hz 
2ir m 2ic 9.1-10 -31 

jivwnon m d'Ijn^pid \snon vma isnid D’p»p!?nn jrøii>w dm 12.21 

.rmw i>n> on!?\y 


2q^U 


nn>nn n'2»p3ia:> ynomm no^kd p'p'jn Jivn»nni> 'ran Nsrøi 
q a = 2q p m a = 4m p q D = q p m D = 2m p nrønan 


2q a U 


4q p U _ v p 
4m P ~ V2 


V D - 


2qp U 
m D 


2q D U 


2m r 


V2 


4m r 


:D 71 D'JWn O'PVnn 

v- 


„ _ mg v O t 

“ q a B 


V2 


2m r 


2t lg B 


= Vi R p Rp = 


rap vp 

qp b 


V2 


q p 


B 


= Vi K ri 
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:b>nb o>b>npan rmpm >pbn by pn Hin ddd 12*22 


F = 


2-10-7-5-2-0,1 

0.02 


2-1Q7-5-2-0.1 

0.07 


7,.14-lQ -6 N 

*ni>o> Hin mn 


wi>di iioni mit?»n by byiDn mb ibrm mw b>nn by byian ron 
(naiinni nbiyon pin - )ww bw >u»b\yn pinn) 

.onnnn o>b”nn n^\yn ro byia o>b”nn« mn b 3 by 12*23 
_ :Hin bipv^n mn 

P p p 2 *f 

£ = -j^ -cos(30°) + -cos(30°) = -j- 1 -cosOO 0 ) = 


= 2-2-10-M»-cos(30») = j 73 . 10 - 6 N 
0.2 ' m 


t>vy nid nsarrø yiioa .n^via >aio niti >\?«an nsn .n 
2T + f b = mg .poN i> mw mnisn t>pw tpwa nvw 

T.mg^F a , 0 .2. 9 , 8 .o, 1 . 1 . l -|)93N 
mg + F B = 2T ’ nOQ >D ' 7D Nin non 

mg + Ft? 

T = — 2 ** = 1.03 N 

.roirøn ibrun nbyn >obD Hin >w>»n røn 

F b = 0,1-1-l-sin(53°) = 0.08 N 

_ mg - F» 

T - ■ „ 13 = 0.94 N 


12*24 


.a 


v 


mg 


.i^nD mm ronynn by bDnm 12*25 
.t?£ 5 Hb nii\y nimon bipvy 


B 
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SF = O 


T*cos(a) - mg = 0 


T-sin(a) - F B = O 

v ’ a :K>n :rmn 

t „ (n ) = Es. = B1 'L = P- 10 - 1 ^! = 0.0051 -> « = 0 ® 17 ' 

mg mg 0 . 2 - 9.8 

T _ffiS_ = 0 . 2 - 9.8 _ j 96 N a 


cos(a) cos(0°17') 


^ = 1.96 N 


:><>£>p 7 i jnap dn nhoi 12.26 


SF = 0 


2 KX - mg = 0 


K = ° 01 - 9 - 8 = 4.9 

2X 2 - 0.01 


nMaon rmsa non 


F b = B I L = 0 . 1 - 0 . 1-2 = 0.02 N 


:nt?yxD Nin nsn B -b A jon ontn qn n 

F b + 2 -KX - mg 

x = mg ~ Fs = 0 - 01 - 9.8 - OM m o 008 m = 0 . 8 cm 
2 K 2 - 4.9 

:7TOO >Db3 NITI >031071 7137) A "b B "O NITI OUTI ON .3 

mg + Fg = 2 -KX 


mg + Fg o.Qi-9,8 + 0.02 = x2 cm 
2 K 2 - 4.9 

AX = 2 -Am-E 2 - 10” 3 = 2 - 1 . 671 Q- 27 - 20,000 
qB 2 1 . 6 - 10 - 19 -B 2 

B = 0.457 T 


AB = 2 -R-cos( 60 °) :R wnb on»no AB pnion .n 12.28 

r = 5 SX :>io >33 yini om-iTw vivdo 
qB 

:mn AB prrøn 

AB = 2mv . cos(600) = 2-1.67-10- 27 -5-10 . Q;M = 0 . 52 m 

qB 1.6-lO-w-O.l 

,-pb NITI 10171 .obo 313>CO 1/6 NITI AB pbflTI .3 


1 f 2%m ] _ x 1.6 

6 [ qB 3 i. 6 - 


67-10- 27 

•10- 19 0.1 


1 . 09 - 10 -7 sec 


211 



v = 


2qU 

m 


:wn nrwion .k 


2-1.6-lQ-iMQ.OQQ 
1.67-10” 27 

CB = R - wn CB pm*P >io>an 


12*29 


= 1.38-10® Æ- 
sec 


p _ mv 1.67-10 -27 *!.38-10® ni .. 

qB ” ~_rrr-“ 0.144 m 


1 .6-10“ 19 *0.1 
CB = 0.144 - V0J44 2 - 0.1 2 - 0.04 m 


:Nin Dinnn 
:pl? ,Nin bc prrøn 


Si ” (0) -R-O34 - 0 - 694 

1 = 43°59' 

T 360 


:H>n Jinun 
-> a = 43°59' 


.3 


:Kin prn .obw 3i3>oa 0.122 mr 


t = 0.122-T = 9- 122 '2a- m _ 0.122-2*"1.67-1Q- 27 0 ..... 

" T.610-19-0.1 = 8108sec 

.10 cm m>rp *rns pp-nn .1 

:ny n nvwafc >ip>an 

:NYn nnæb nvypn 


R 


mv 

qB 


= RqB 
m 


^ mv 2 = qU 


:NYn rmm 


U ;= P |v2 - HL f R 2 q 2 B 2 l _ R 2 B 2 q _ O.P-O 1 2 -1 6-10~ 19 

2q 2q [ m 2 J 2m o., = 4 ?90 V 


I — T - 6 — 20 . . 

1 A 3 «-= 1 A 

R 210 


2-1.67-10 -27 
:Nin o>bibo»no inN b33 onrn 12.30 


h = 


20 


V 2 -io 


= 1.41 A 



-N 


.'uiinn nron ilion on > 22-11 o>b»jin by 
F, = F 2 = o 


:on niniDn 


F 3 = F 4 = B-I-L = 1 - 1-1 = 1 N 
F 5 = l-1.41-1.41-sin(45°) = 1.41 N 
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F T = F 3 + F 4 + F 5 = 3.41 N 


:Nin inpw^ nan 


:on 4 -1 o^^Jin i>y Timian waiN .a 

l F il = l F J = l F 3 l = l F *l - i n 

F 5 = 1*1.41*1.41*1 = 2N 5 TI ty7)7) ty DDD 

F = F 5 + 4*F 1 *cos(45°) = 4.83 N :VVtyH7) ty Min typers yn>D 


R === 

P = 
a = 
T = 


mv + 
qB 
at 2 
2 

= 9E 
m 

2icm 


.nimi JiDinn ni»po oy n>nu rumn .n, 

1.67*10“ 27 *3-10 7 


1231 


Q B 1.6-10 -19 -0.1 
(v„ = 0) 


qB 


= 3.13 m :Nin aia>on wm .a 

:mn ny>pob no>an .:\ 

:N>n rmNnn 
:md -mnon im 
:K>n ny>PD n 


q£ 4y 2 m 2 ___ 2y 2 Em 2 tt 2 * 1000*1.67*10’ -27 n n<T1 
2m q 2 B 2 qB 2 1.6*10“ 19 *0.1 2 m 

:wn n>j\yn .ir 

p i = v 0 T + ^ = (a-T)-T + ^ = | aT 2 = 3P = 3 0.021 = 0.063 m 


.naop ny’iaa oy n’ma nyian .k 12.32 
:N>n ny>t?an .a 


P - v.T ♦ - V-OC,- ^ * l f (^] - 


= I. 54 - 10- 3 m 


= 5-10 a -cos(30°)-2x-9.1 •10~ 31 2 t 2 10009.1-1Q- 31 

1 . 6 - 10 _ 19 - 0.1 1 . 6 - 10 - 19 - 0 . 1 * 

v | | = v 0 + at :Min Ji>pown nnvuj^ >i\?>an 

:ooKi> niw nmn v nn>no -who *iify’ ynop^Nn 

0 = 5-10®cos(30°) - a - t 
m 


t . 5Jj)^cos(30 0 )*9.1*lQ- 31 . 2 46 . 10 _ 8 søc 
1 . 6 * 10" 19 *1000 


:Kin 
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muntt .tt.N.3 


13 p*lfl 




'h 


. 0.2 T in&myw T>nN mv'? loiNoa ya 0.5 m vm 

Kmn mn>nD .2 V i?vy tD>bN>sa\^a vnsn nma uudh m*p pn 
rrrvyy 60° n>im 1 m/sec jiwtim y: 0.2 m tniNV \nn 


A 



13.1 *VI >3 

X 



.0.1 T *T>nN 
.JO.K.D -n 1DD .K 
cpayuBn o>v>nov røn y\vo ino .2 
rvnaaw o»ivnn 

p!?n vy> 2 q nmann rbyi jtuom 
jrwBn .nnfrt> )j) >a\y 1 m -pwn 
.0.2 T inEmyw i>nK rrnso nNifna 
p!?nn\y hd y>ysn!? inifvy røn ihe .h 
1 m/sec yvy nynp Jiwrnai np 
?ni>D> 

jvuwn nm:i\y .e.n.d -n ina .n 
?rrt mpra 

?(pvoi y*m) cntn mo .> 
nH^Di s cm ntnnnvy n^ayD mat?« 
ituj .0.4 T WJinyvy tdn >oaaa mvyn 
yanman mmæn .d.k.d ti iivdi inn 
:>mann rrrvyn dm nsn>vy 
.0.1 sec *]Wt 22 o»i\y >d 'irx> .n 
,0.1 sec imn o”i\y >0 ^p> .1 


.1 


.2 


.3 


.4 
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ym . 0.4 T WD^iyo i>nN mon 5 cm nwno n>b>yD mao» .5 

isiw yinoan nnoi»n .o.nj ~n b*n> ina .^o>pdd maoDn p*r noon t=o 

.0.5 H z t?\y nmni imnon mioon o h 
nn>u ym:i .n 

? 3 i 3 >t? >*n:i .3 

?obo an>pn .1 

? 30 ° -3 .1 

n>p*m nb>t?D3 y>u nviod ™>d> 2 m/sec bo nrvn»3 y^ o.s m idtino oid .6 
imxm m>pnn .2 m im id omn pm« t=o ym .1 Q wminno to noitno 

. 0.1 T bo i>nN >vd;id moi 




.<rrn *pra kid >oiinn mon 
.m>Q> <l*r!7 bUpD KVI >O^DD mon 
.-pNb 30° n>*nn >o^on mon 


?<imn bo n 'xpmo maoD3 Kibsn <pob >io>3n .k 


?oidi nsun .d.n.d -n mæ .3 


.2 

.3 

.4 
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n»a omn (-pi>ai !?-na) mm ino .j 
Tumn by byion (-ppm bni) nan ino .1 

nb>on by yi m inooi L ia*ONW dio .7 
nb>Dan .R -133 iinnnn npbnaiy jpaiN 

•B >p01N ’DMO m\Z>2 J1N.1K03 

ioa Dion by o>byion mman ono .k 
ion y’3> n>bN Jiwn nvvnon »no .2 
’n *1 'n -b jrtawnn djw .3 

b'u irnita nn> »ouon mv>n on 
mvb un>a poiNb nnno 30 ° 

/ R / mipon »Djson 

[_ _ / 13.4 *1VS 

H naua oion nn n>oion wnnob ynn oionw mNb ,t=o yna on .i 
’onpon ovn nmoon -pa naiyn »omoh »iCDb >io>an ino ,yp-ipno 
0.2 T bv i>nN ’ooo navn 1 m/sec nimoa nbNow yi 0.2 m laaiNv/ dio .8 

by a« >bNov>n nspal 4 n bv> a« v> oo>n nspa ,nb>oon mv»ob -jiiiNon 

.8 fl 



13.5 avs 
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?oioa mnm .o.N.a -n ?no .k 


rtlivai ;>*m) i« yaa on?n ?no .a 
R 2 *r«n 10 oion pnnoi Xj Nin R t min i» oian pnno t=o yna ok .j 
r|Q?n ’yv mspnoa nmoon >p!?nn -fok i>a ivr «ioo 5 >io>an mo ,X 2 kid 
’nyiap mmnoa yii'w >*»a oion jik iioob pm* ro n?'Ka .n 
.on? koh >'n v ’py mxai mop n-yian nmon 
:o>Kan onponn -rnK lian nmoaa nnvnon on?n pva ino 
’nljyo ’a^a yiap on? om? twia .k 
| ?ni?yn >oi>a y-m linnn on? om? Pna .a 

| -i A ?n>yo >ai>a iop? i!?inn on? om? >’na .> 

moo >oba bm? *j!?inn on? om? Pna .n 

_I _ n!?yn >oi»a yiap on? om? Prn .n 

D 

nv^ mwnm 

nbyn >obD yxip ont omt b>ni a 
mbyp nyi irupom 


13.6 TPS 



no , i>‘n , ii 2 n nnrnjnnvy n>b>y£ rroPE 
piNpn *T>n n >p:np rrrvn 0.2 m 

.mapan mp>Qb 


.9 


.10 


13.7 WX 

:o>Kin onpaa (^irøi bni) <io\yn >u>p ina .n 
. ponb 0.4 T ’E ipp ;io’:d >p^nn rnvyn U) 

.0.6 T -b 0.4 T -n bm n »>30 >P 33 >on rnpn (2) 

. 0.4 T -b pon ’D b*n nmnn thpd (3) 

.0.4 T “b 0.6 T "D ipp mmnn mwn (4) 
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.'n pbnnp onp»n» nn* b:>:i nnpion ontn pio mo i 
.'n pbnip onpnnn nnN bni rmpm rrniyn ^ypon rno:> >no .3 
mp 1 50 H z bp nnnra jminpo 10 cm ny!?* *pinp juyian mapE .:li 

.0.2 T innsiyp i>r»N 
nv/KD ^mn bp n^piiss nnpion .d.n.d -b >ip>nn mo .n 
?> bE>PDo mapan -pi .e.n.d ~n t-o -2 (i) 
rrupon -pi <ipph t=o -i (2) 
l^nn rmmb jrø>-o n 2 111 71™ b>bpa .12 
b>bp iro nt b>bp by .1 o*u o*m 
bp innn hpp .jtd>*o N 2 ni >ip>b 
.S Nin o>b>bpn np 
b>bpn -ni>p >p^nn mpn ma .n 
?>iiPNnn 

b>bpn tvt >p^nn ipph mo .1 

?>ip>nn 

b>bpa >p^jon <]ppn >irp in o j 

ppoon dn o>nr»o qn >ip>qh 
?> iiPhnn b>bpn 

13.8 ti>* nm nnpion ontn yivi inn .1 

'i nwi 



T\'\Kxm nmpm nynpn mip;o 1 m/sec nn>n£i nbNEP ny:n m>po .13 

■pwan 0.5 T mnsiyp r>m< nnpi jiinsd: nmpon >np .u oy u yim 
.4 q bp in* rab pn£i jrmmn mpn rrnptøn .nn^pnn nip>ob 



13.9 m>s 
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pmon nm t=o ym ok ion bo n»npii 03 miooa <ioob >io>an mo .k 

;i m mioon imp i >3 
»ion bo n>npnoo <ioon >ii»ob >io>an mo .3 
»nnaooa nmm .o.n.o -n inn .> 
nm moion om 11101 bro mo .1 

ysu Ninvo ,d^now 2 m/sec bv nimno nirø nywo jii 1 m id tik o 010 .14 

.-100 bob 0.1 fl N’n bnn nrnmni 0.1 n oion nnwnn .o>b»apo o>b»»n 110 

"T>nN »oiao nroa tikhoi maoon 
no»ob iiiKon 0.4 T inomyo 
.irooon 

»010a nmm .o.k.d *b >io>an mo .k 
miooa ontb »io»an inn .3 
ok ion bo n’spnoo 
0.2 m oion nn t=o -3 
»mioon nmpo 
b>yonb i>ns» ron mo .1 
nimnoa yii> oiono >*to 
»nyiap 

,0.5 m/sec 2 bo nniNJi mw nyuna nnuoo yi 1 m ohki 200 gr inooo om .15 
.2 n !w *ni >”y 00103 onainon nminn non o»b»Ji 2 by pOno kvwd 
. mioob iiiKO 0.1 T bo -pnK »011a mm JiKitai mioon 
»ion bo n'spnoD 0103 nnoion o.k .3 -b >io> 3 n mo .k 
»ion bo n»spnoo 0103 moion omb >io» 3 n mo .3 
»ion bo ninpnoo oion by byion nnwion nob >io>an ino .s 

»ion bo n>^pmo 3 oion by byion >ns>nn nob >io»an mo .1 

100 H z jvnnna 3311100 1 cm iov*rrø nvbiya ni 3 »-o 100 131 <iiok b»bo .16 



lj.io dvs 
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.vo’isso .o.n.s ti n>n t=o "a . 0.2 T inoaiyiy *f'ro< ’oixo mvi>a, 
?>ba>oso b'bon rn lovn n>n> nbnnnn io iot nas nnNb ,k 
?» bo>t>snno n^nn b>bon rn ‘pian n»n> nbnnnn id pt nas nnNb .3 
n^n ba rvapnas b>bus .a.N.s -b n\?>an ina .j 
?obw 3i3>o b\y pn b>btn yaiaan ,a.N.s -n ina n 
nw?on 3 u>on yana b>bo 3 ymaan .a.N.s *n ina .n 
Ninw3 o .5 T inaaiyw *»>nN >omo mia 2 m/sec bw nynp nn>naa yx uia 
.vybwan -rip-npa oian n>n t=o yxna .37° ba nnn on’i>a*> o>b»n >w by pibna 

oy ysaaw own -pwb no>an ina .k 
natn ba n>3pji33 o’b»>nn 
?\?iaa nmm .a.N.s -b >iv»an ina .3 
miaaa -min ontb >ia>an ina .j 
□’b»nni nmmn non oian on 
?o.i fl/m b\y nniinn »bya 
viiab oi-»>vy nsb no'an ina ,-r 
?nyiap nn>naa ynb 



nt’Nb nt'Ka naiyi i m/sec b\y nyiap nmnoa yx 10 cm diiw pbio did 

. 0.4 T ba *pnts >ba»n nna rns 
:N 3 D 1 \?ion nDNS i 2 "1 i 2 ona .N 
I nn»N3 (x) 

II nt>Na ( 2 ) 

III nn>N3 (3) 

iriH bsa aion by nsn ina .3 
1 11 iii ?o'*tpano 


_ '2 »1. 
-*■—n—»► 


0 
s O 

h 


0 

0 

© 

2 - 

ri s 

O® 

* H 3 

: » j 

O 

: S s 

: n 3 

‘ 0 
O 


V 

0 

CM « 

tx 

0 

E to« 

O* 

O 

: rf« 

(X 

°o 


13.12 yp ti 
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.19 


nrvnoa ”W’ l>bio p>^no L mwb nw n’itn 'laioon >’n 'yy 
nanynn !?a .45° kti fiataon y>nnt mn y>nn i>a rr>iitn .1 m/sec 'yt) nytap 
n*npin pn-in n’n nyunn np>nra . 0.2 T tnnmyw T>nN >0110 mon jinsoj 
. 0.1 n/m 'yt) "ptN n-pn>> :nminn otont o>^>’nn 'yy'y .1 m B n*rtp:io A 

’ym 'yt) n'npitaa mioon nvnmn ’no n 
? yat 'yt) n’spitaa mionn in ’ounn <iown tno .2 



0.2 T 'yt) t>f>h o mw'y ptKoi 4 H z nnnro aatnon 1 m tantNw oto 

.(13.14 nt’K) n>ni> tnspa natno Ninoa 
’oton m*p ya nintn o^fosjoton vnan tnn 



13.14 *1t»K 


.20 
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.noay mono 1000 tat ’y'yv 'yt) n>ua ntanowa jinsqi nyao 
:o>Nan onpoa nyaoa om itva tno 


.21 



.nnuna nyioT-n yiap y>yoa o-nn .n 
.nniioi Jiyaom ptn oy roop 7«n nminn .3 
.ro’D' nyi nyaoni yiap ;»yt>a o-itn .3 



'r>'?v 7 ) b\y innn now .0.2 A b\y yiap oit -iaiy a\?o> o>aio’> 1000 iai 
nnvninm ,4 cm ny:?* -piNW ivyian nupn jinsoi a’aoa .5 cm 2 



.2 n 

ymonn rnwinn .o.N.a -n ino .k 
J in>na inta mjpna 7*un 
o-itn npoaniJ iy imn on poaon 
uo" 3 sec nid 

ymnon mwion .o.N.a -n ino .3 
aipoa nnon on mjpoa asun 
lin o’uvy >0 bnam nnnn 
UO " 2 sec 

^aa mi mayyy iy\?on moa >no .3 
ronpono *rnN 


13.26 n>s 




nib>pn >npb niinn 0.5 m i:hihp Pin .23 
.4 V bp nnn npnb nnnnnn jiidvih 
nnp nvninm 10 n Pinn nvmnn 
nivnni yi Pinn .nn>it nib^pnn 
mpi 0.2 m/sec bp n3>n> nyiip 
.2 T innsiyp min >P^n 
?b>yni onn mn .h 
hd b’ysnb in*p røn inn .2 
’nyiip rm>nni yii> pmnp 



nbp nn^pn ybsn “pinp nmbn rrapn .24 
,5 cm nbp nirinn ybsn -pwi 2 cm 
>pi>n niPi 20 H z nnnra niiinpn 
bDi ontn inn . 0.2 T innmyp *phh 
oh )mr\ bp n>*piiDD mionn bp «py 
?>bn>pin .n.n.i -n n>n t=o -2 


QV yani H2 Hin iphd ,30° in>ittP yupn niP’ni liv 200 gr inpnp Pin . 



13.19 11>3 


.nminn mnpn rnb>pn ^np 
t=o ym .5 Q bP *T5i imnn n5(p2 
niiy jrppnn itt .h 0 min Pinn n>n 
.rrppnb *pihm ihik >pm> irrø 
. 0.1 T >pi>nn mpn nn*iy 
y> 5 n n>bnp jvsipn nrvnnn >nn .h 
-pi >pi 5 nn <}OPb >ip>an inn .2 
nnNb /)m bp nnpuiD jnapnn 


25 
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»Ji’orøn mnmob y>ao oiono 
T>Nb moion .o.N.a -d mo .1 
?n>oion innmob y>ao oiono 

' n3:nb -piNo Nin voayi ws nioo (13.19 noo 25 n>yaa >ouon nwn .26 

?uian bo n>aion nnmon >no ,k 
wnnmob y>an nto nnnb oion by byian moion nan bo imo-, ^ 1nQ , n 

woion 

nv>sn nto ariNb imn bo n>*piiaa mioon 7 m >oiaon <,oob >io>an mo .3 

, inn>n)3l? 

* rø L pmoa t=o yam jinsoi r nnmmni a nyb* -pwo maoo , 27 

.1 ont ia omto >aioi»N 
.v nyiap nnmoa b>nn 10 npmnn rruoon 
maooa .o.N.a -b >io>an mo .n 
’ ion bo n’npnaa 
Jmsooa o*itn iiva mo .a 

b'yanb pmo nab >io>an mo .1 

jvn>nx 3 n yun rmoionvy >id 
nyiap 

13.20 

’% 7W‘) 

PP p« o> nyaoa .p*r pbio b>no n>ioy 20 cm bo ovn nbya n>b3yo nyao .23 
ioipoa yiap tnNn .o>a>bio o>oa >10 o>nhi> nyaon ta-ioo .B -1 a nnipm }>a 
o>b>>nni nyaon .20 rad/sec bo yiap n>n>iit immoa yi >:oni A mipib 

.0.2 T bo -r>nN >0130 mob -piNoa d>n*oi 
i>n t-o M-o on t-0.1 sec yma COA bayon pbna >oi3on <|oon mo M 

?rvnpin nniNi 
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rv^piiDD n? !?>ve p^ra 'pvwpn 2 i 2 >tQ >pi>En *i\7v>t> >io>27i vie .2 

mn 

l?\y rv^pnoD ^wkp 212>P2 rrt t»yE P^n2 rnvyiEP .e.k.2 5 ^ 10*271 ide Ji 

TlE^n 


o^»nn 1?2 ok lEtn trø tvspjidd iipkpp 212>P2 rmn»n dp^ >ip>2ti ioe .1 



13.21 PI’S 


71PVT1P 7DV3p nyi\7 P* PPE !?22 JVD*P2 1000 123 11PK T!?1E ty'PV OPE2 

yyvn p>*!? iJ>2pE 31^2071 p>* .1 cm 

IV12P M>P2 OPtTI OK TO2P2 TTITO .E.K.2 "TI IDE 

& tiijiwe i»bP2 opn ok W2P2 tippieti .e.k. 2 -n ihe .2 

? I=2'SinU00t) 

liu>nn >d!? pippe W02 op*p ok ny2P2 pppiep .e.k.d -p ide 2 


1 I = 


.29 


>ip>2p 


t + 1 


b^pn -^'7 30° n>nn kip riy 2 pp p>* ok pppiep .e.k.d ~1? >ip> 2 p ipe .1 

?0>PPEPE PDK !?22 

ni , w rfc’ooa y>» mm .yom oy nwwrøn B '\?3>» nwa L bw* uiq .30 
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.nb>oon mpo L pmon nrnrøi orøn .R nnvninno 
:>io>m pni >oi:røn mon ok orøa nsun nnorøn rø.K.3 -b uo>nn mo .k 

B = Kjt .1 

B = K 2 /t .2 

B = B;Sin(wt) .3 

tnmrøi nno>\y >id orøn by b>yanb in*o nob >io>nn røn .n 
nwnon rorø> rø orøn ok onpomo ihk boi nnorøn .o.k.d -b no>nn ino .:* 

?v nyup 

rroron noob iooo nr b^btn .13.22 numo burøb nirøn urøKn b>bo 

.1 cm loui^o b>b^ by 


13.22 Tf>3 



nr>Kii uorøn b>boi -myrn; lyonn nrøD >no .bayoi airøn dk o>roua .k 

nnyno ^yonn nrøD >no .40 q -b 20 q rø *nm nvninn tik ouoo .n 

?pp:> nPKii uorøn b>bto 



»naiwn 


c = B'L'V :.».N.3D nnP133 3’:si 13.1 

m 

v = 20 - 

2 = 0.2-0.5-v sec 

e = B L-v + = 0.10.2-l sin(60°) = 0.017 V N 13.2 
,<lin lin lw nid livan .a. 


R ~ 2 

« = B-L-v = 0.2-1-1 = 0.2 V 

I = — = ~ = 0.1 A 
R 2 


N 

:Nin nan 

.K 


:bid .a.N.an 

.“l 


:nid cntn 

Jl 

,B A 

-» bid cntn pva 

.7 


13.3 


__ S-AB _ _ t- 0.05 8 -AB ;Nin .n.N.an ’rø’an 13.4 

e At At At 

AB = 0.8 - 0.4 = 0.4 T At = 0.1 sec N 

_ j-0.0S 2 -0. . 4 = _ 0 03 v 

0.1 

.3 

AB = 0.2 - 0.4 = -0.2 T At = 0.1 sec 


£ = _ t -0 05 2 -(-0.2^ = 0.0157 V 

1 1 M 13A 

S = tit 2 = ir-0.05 2 = 7.85-10 -3 m 2 T = j = = 2 sec 

_ A<ft B-AS _ B-(0 - S) _ 0.4-(0 - 7.85-10~ 3 ) _ 5 2810 -3 V 

e i ~ " At ” " At T 0.5 

4 .3 

e = B-f-S - S) *RS _ 4 0.4-7.85-10- 3 = 6 28 . 10 - 3 y 
2 T T 2 

2 

itxk ynos .js.n.d ava*oa > 
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.pon Nin .o.N.Dn ymao 3 w "p ,*p 3 nn yn >33 .n.n.2 

e = - B’^Q^30°) -1) _ 2 52-10 -3 V 


X 

12 


S' = S-cos(30°) f 


ø = + #0 = B[S 0 + S(t>] = B-(2-0.5 + 0.5-v-t) 

= 0.5-B-(2 + v-t) = 0.05(2 + 2t) = 0.1(1 + t) 


e = v-B-L = 2-0.10.5 = 0.1 Y 
I = Sr= ^-=0.1 A 


:Nin omn 


.N 

.0 


R 1 

B 2 *L 2 v 

R 


.(rfcyæ >oio) B P A Nin onvn yv 2 
0.1 2 -0.5 2 -2 


1 


= 5-i0“ 3 N :Nin non .1 
.ni?NBP Nin n:>n iii>d 


U 


„(noo ^ 2 ) A-SBT3 on*n iivdi Nin (1 -« *r>n>n imnn (2 

.nnvno .o.n.d nsiv Nb pbi mapon tvt *]P\y bio vn O 

tf - ^*cos(30°) = 0.5 0.1(1 + t) = 0.05 (1 + t) .N (4 

e « vB L sin(60°) == 2-0.10.5 sin(60°) = 0.0866 V .0 

I = 4- = ° ° | 866 = 0.0866 A =Nin cntn .2 

R 1 

.(rfcyo >3^3) B "t? A -Ki Nin o*un pi>3 

p = B2 ' L2 v ± = 0-i 3 0.5 3 -2 siix(60 o ) _ 4 3 .J 0-3 n ;Nin nsn .1 
R 1 

.nbnop Nin n^n *|iio 


.nbyo oio nnpiwin nsni npo oio mg on oPyiDn mnon .n 

ef = mg - X 2y _ o Spva w 'yv 3*ki intv> 111*30 .3 

R 


V = JMl. 
B 2 L 2 


:N>n rm>n«n 


niD v b:iN 90° yny mpni ontn yi n>wn .ninvn nnwinn ns!? >ioon 


.s 


13*6 


13*7 
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1 , 4 = 


B 2 -L 2 vsin(60®) 
mg-R 


V = 


mgR 


■PIND «>N 
.60° N>n B -b v v 3 miitn 
:K’n nn'nnn 


B*-L 2 sin(60°) 

:Nin ,imn bw n’apnao ^owb >w>on .1 
m = B + -S(t) = B + (LH - L-vt) 


U) 

( 2 ) 


<!>,( t) = B-L(H - v-t) 

<j> t ( t) = B-cos(30°)-L-(H - v-t) 

e = v-B-L = 1 0.2 0.2 = 0.04 V :f ° n Xi ti 0T ' 

:nvi onnnno mK ton ontn 

€ 0.04 _ omA I= _l- = Ml = 0.005 A 

= — - 0.01 A 12 R 2 8 

:Nin nupnn >pbnn mu boo ‘levn 

= (X, - v-t) L-B <f> t { t) = (X, + V t)-L B 

^(t) = 0.2-0.2CX, - 1-t) = 0.04(X 1 - t) ^ 2 (t) = 0.04*(X 2 + t) 


4 ^= 2.67 0 


B 2 -L 2 v _ 0.2 2 -0.2M = 6 . 10 -4 N 
F _ R t "" 2.67 


.N 

.0 


:N>n nbipwn jivr»Jinn i 
:Kin nob 'rø>3n 


,oat<b mw .n.N.on .^o^o >n'v> V N K 
, W opnb >io B -b A -n oitn .bu n»>ia <i\?vn .o 
,ib>unb >io B -b A -n oitn .-|op nnoo c iown .> 
.ii>\?pnb >io B -b A -a tntn .bu nxinn ivwn i 
>\?»nn mvynvy yivon .mwo .n.N.o n>n> b>nb mb>apnn niybonn nnN boo .n 

n^n>w cntn .mi' biu n>n> nonpn yboo .n.N.on ,im> biu b>nb onp 

.B -b A -a Nin 

.paiKb mrø .n.N.on pbi ‘pvyo '«’«> l’N .i 


A<f> = S-AB = jr-0.2 2 -0.4 = 0.05 Wb 'l'own >n>\y 


( 1 ) -N 


13.8 


13.9 


13.10 
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.rmnn niti yivan 


A <f> = jr-0.2 2 *0.2 = 0.025 Wb :Nin <]\3\!>D (2) 

.naoo nid ynon 

A 4> = t-0.2*-0.4 = 0.05 Wb :Nin <iv?>yn >i3>w (3) 

.nsinn nid yivan 

A <j» = ir-0.2 2 -0.4 = 0.025 Wb :N1D >U>W (4) 

.nona nid yn>an 

.‘lown npw yivay -pan yivaa >o»o dsi' oitn .a 
.1UWD yn>0 OJ) D>D> QDtD U) 

.yiywn pva> 7i3D D’n> o-itn ( 2 ) 

•II^WD 111>a oy D'D> DDfD (3) 

.yiyvnn yii>a> -pan d>d» o-»n (4) 

AQ = ^ :N>n -iaiy\y iy\?nn jrraai >i:>v y>a mwpan nnoun .3 

AQ t = AQ 3 = 0^5 = o.025 C 
AQ S = AQ 4 = = 0.0125 C 

.a.N.Dn cos -n rt^pom vnrwi .b.n.dh t = o -n\y .k 13.11 

e = e max -cos(wt) = N-B-Swcos(wt) 

e = l*0.2"0.1 2 '2T-50"COs(2^r-50“t) 

c = 0.63-cos(100x-t) 

e = 0.63*sin(10(hr-t) : sin ~n rs^psm vmnm aysrw im pn kid !mnn .1 
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(1) 

( 2 ) 

(3) 

(4) 



B = /V n i'I 

•= Nj-B-S = N.-fio-ni-rS 

:Nin <ivvn nr>\y ,vdk!> nw »jitmnnn 'lvvnv pron - 1 
= : 0 - $ = -N 2 -/x 0 -n 1 -I S 


>1P¥> 11V 
ID ovP 


m = 

Aø = 


£ = V* 

I= t 


:Nin ’oivnn TVtwn 
:Nin >Dion 'ivvn 


K 13.12 
.D 


n p!?i ,TpNnv Kin <pvyn livs -W ’^nn T n fl °' y71 ' 1 

n^Knw nnvnn ‘pv dkivw ii^ idik 'P^* pin .nj’n’ kvi ‘lown 

.Q p P -n Dit OlIP 


nv>n> K|in o>iyvnn >y non yno >s .o.k.d n*v mio»nn >** *u»pn p^nn pn 13.13 

,-inpn pi>nn nP vinn -pm Kin nt livoi 
:Kin intn !?w n’npnoD 'lvvP 'ivun .k 
|B-S(t) = B-L-(l + v-t) = 0.1(1 + t) 

,p z - ^ = 0.1 + 0.1-t, - (0.1 + 0.1-tj = o.l (tj - tj = O.l At 
BL = 1-0. 5-0.2 = 0.1 V 


= 0J. = 0.025 A 
4 


:Nin tt.Kon 
:ni n nntn 
.B A “» Kin ontn 1110 


.*T 


c = y-b-L = 2*0.4-1 « 0.8 V 


(Vinp Kin .tt.K.Dn ) :Kin .tt.K.un 
:Kin nn^Pttn trø X iniKt? 'lO’in 

X(t) = 1 + 2(0.2 + v-t) = 1 + 0.4 + 4-t = 1.4 + 4-t 
R'(t) = X(t)-p = (1.4 + 4-t)-0.1 = 0.14 + 0.4-t :K'n nniuinn 

R (t) = R + R'(t) = 0.1 + 0.14 + 0.4-t = 0.24 + 0.4-t 
0.8 2 


.K 13**14 
.2 


1 R 0.24 + 0.4-t ~ 0.6 + t 


( 2 ^ . 0.8 

F = B-I-L = 0.4-^o^jl = o^Tt 


:Kin ontn 
(imn oy p>p cntn) 
:Kin ns!? ’iv’sn 
Cpitn ny )\?p nsn) 
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.oion rrrvnnn .n.Kon .n 13 . 1 S 


:ni n >ip>2n nsiNn niw N>n nyunnp pv2P 

6 = v B-L 

v = v 0 + at v 0 = 0 

e = B-L-at = 0.1-1-0.5-t = 0.05-t :Nin pt> .D.N.Dn 

:Nin omn .2 

I = |- = = 0.025-t 

K. 2 

F = B-I-L = 0.1-0.025-t-l = 0.0025-t :Nin nnvinon nan .a 


ro »r> by cnw nr mniD bipw . a nyiapn narnnb onia nirron bipv> .*r 

EF = ma :mvn»n nan nnaia imo >ap>n 

F - F = ma 
mun n 

F = F + ma == 0.0025-t + 0.2-0.5 = 0.0025*t + 0.1 :Nin >m>nn røn 

mun xi 


Pfc>p 2 En ^ppn .poNi> ni ym mw novyn in .b.n.dti t = o -2 on .n 13*16 

wt 

— 

T 1 2 

1 


7T 

^(t) = ^max -sin(wt) wt = - y22 -^Nb Nin 


rmax 




max 


•sin(wt) 


t = 1= 1 
* i 


= 2.5-10" 3 sec 


sin(wt) = 1 4 4f 4-100 

*p\ynB n>n> *)Ovyn wi 0.5 n>mn sin n>n> 30° :m>p nnNl? .2 

^(t) = ^max ’sin(wt) :pQ>P2&n 


2 ^max ” ^max *sin(wt) 


sin(wt) = \ wt = - 

2 o 

^t= | :N17I IKJtn pbl ObV 313>OD 1/12 Nin 30° 

t = i = -J— = —J-8.310- 4 sec 

12 12-f 12-100 
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:K171 Win 


e = N-B-S-w 


e = 


N-B-S 


T 

4 


é£ = tg^7») 


BO 


•tg(37°) = v -0^37°) = 2 t-0.75 = 1.5-t 


AB = BO 
e s= v-B-L = 2-Q.5-l~>-t = 1.5-t 


R = (AO 


1=4 = 


R 

F = BI- 




i _ i 


R x 1| 


L=^ = 


Rt 2 = 


-cos(wt) = 100-0.2-ir(0.01 ) 2 -(2ir-1 00 )-cos(2tt- 100-t) = 3.96-cos(20(Brt) 
.oon i'Km Nin ysinnn .b.n.dti ot?\y 3ia’t?3 -t 


:Bin yinnæn .d.kpti .n 
= 4-N-B-S-f = 4-100-0.2-x-O.OlMOO = 2.51 V 


:Nin imn trø nopsioa AB oian "piN .n X3.17 


:Nin 12.H.07) .3 

Cintn Dy t? - n .».ton) 


+ OB)-p = 
1.5 t 


v-t + 


v-t 


cos(37°) 


:B>n mjDon nm:mn s 
•p = 2.25-v-t-p = 0.45-t 


= 3.33 A 


0.45-t 

= 0.5-3.33-1.5-t = 2.5t 


:Nin O-Itn 
Oyiap oatnl 
:Nin mwiort rvon .t 


e = v-B-|l = 1-0.4-0.1 = 0.04 V 
0.04 


.D.ton nu t ?3 Dtip NJ 03 S 13.18 


:N171 I 2 Ottn U) -B 


= 0.02 A 


:K>n Ij ost? ntnpvyn irminnn 


+ 1 + 2 


R x = 0.4 n 


0.04 


i - rT 0.4 


= 0.1 A 


:Nin Ij oatn 


:M?n I 2 ?ast> ntnpvn nrnsnnn U) 


2d— = o .67 o 


2 + 1 


:Nin I, ontn 


- 0 06 A 


R T = 1.33 ft 


:K?n Ij >3it> 7 it?ipvn nrt»nnn 


r i " 2 + 4 
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T = Mi 

1 1.33 

-i— = i + 
R Tj 1 


= 0.03 A 


:Nin Ij cntn 



:N>n I 2 ’ap ninpwn nnwnnn (3) 

R-r 

*2 

h = 01 A ;N1n l > 


r t 2 = R 4 = 2 n :N>n Ij >aP ninpwn nrr:onnn 

I x = M^- = 0.02 A :Nin Ij O-tfn 

:onp’an >aa ,p2 ntw ,mv>inn nan .tanp’on 2aa miw PPn cntn 
I x = I x + I 2 = 0.12 A 
F = B-I-L = 0.4 0.12 0.1 = 4.8-10 -3 N 


_ :kid imn mspnaa AB pnnon 

L = 2-AB + 2-\/2 AB = 2-AB- 1 + \fl 
:Kin wxpnoD L rrooEn 

L = 2-(l + v-t)-|l + V^j = 4.828-(l + v-t) = 4.828-(l + t) 

R = p-L = 0.1-4.828 (1 + t) = 0.48-(l + t) :K>n imn mspnoa ni-r«nnn 
4> = B-S = B-[AB-AB] = B-(l + vt) 2 = 0.2 (1 + t) 2 :Nln ‘I' 5 ®* ’W>an 


e = v-B-L = 1-0.2-2-AB = 0.4-(l + v-t) 


:Kin .».N.aiJ >w>an 


.a 


N 13.19 


.a 





JM1L+ t) = o 83 A 
0.48-(l + t) 


()mn oy .a.N.an) 

:Nin oml? >i\?>an .i 
Oyiap omn) 


:o!?\y aia»oa *|\awn >w\!> i*n nnnn i*nn ,o>3n ’nwa it niww mnai> )n>3 13.20 

g = _M = _ B-J-Lzf = o.2-ir-l 2 -4 = 2.51 V 

At T 

)>a nyitiaan nrvnnn N>n \?ian nivnn .oioa nswn .n.N.an *pt n’ivn -p-m 

:nnpa wR nmnnni tanoa oatt nrvnon 
e = v-B-L = (wR)-B-L = |w- | j-B-L =Y'\ BL = = x-L 2 -B-f 

.nnon >ai>nn isn n>n> aww -ja nyaon tanna man’ n»avnn o>3yoan 
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.vort mrø .O.K.37I pPl *U*W V* N «•» 
»V) 3 ion n-røn pPi !m tntn i»ffl ov m\?p i«n jmHJinvo .3 
tPn« røiwn ‘iown pPi nPKow Kin røJi»n nwn yno .Pis 
1iv3i <|\rø mi’ nyirøi .nPunu Kin ‘ivrøn 'isrø livs - Pis 
.nv>nP Kin ontn is’Pk ampn mi ™ >Q> ' 1 10nn 
nnpna im pin ,Pis> nam røsinn ‘ivswn ns>D> nys nyaon oh s 

cn*n ij’Pk anpn -mi na»B> n*røi» røsso ^ _1 * Vl ’ °* n ? ri 

.nianP Kin 


pP .»omd m\y naiv mw mrøm pPn pn Kin *|trøn nrøn ww nvrøn 13.22 
s.hnn nwwb rn wnnjlll mSDOn yPif T>1K PV> 11J13H ID DpyiD 


_ _M = o - BS 
6 - “ At " At 

At = I O -3 sec B = /V nI 
4-ir-in-7.lQ00-0.2-5-10~ 4 


:<)\5wn »urøP nirø .o.K.an .k 
S = 5-10” 4 m 2 
1.26-10" 4 V 

.3 


_A± _ 

At 


S (B 2 - Bj) S fi 0 -n(I 2 - I x ) ^ = 2-1 2 = 0.4 A 
At At 


£ = - 


S-10-^4t10- 7 -1000 0-2 = _ l26 .io- 5 y 12 " 11 ~ ° Z A 
10” 2 


:1wKin nnpaa .s 

A^j b-S /Jq'H'I'S _ 4t-I0~ 7 -1000'0-2-5-10~ 4 _ 6.3-10 -8 C 
= IT R 2 

:>røn mpna 


A<s ^i R R 


AQ 2 



S-/i 0 -n-AI = 6.310-« C 


:Kin -isisw mvnon .».K.an -k 13.23 


e = v-BL = 0.2-2-0.5 = 0.2 V 

;N in PPan ,n.K.an pPi -D.K.an yvaa Kin rvrøion .n.K.an pva 


Se - 4 + 0.2 = 4.2 V 

T = 51 = ^ = 0.42 A 
R 10 

F = B-I-L = 2-0.42-0.5 = 0.42 N 


-.Kin Psyna ontn 


:Kin mwian nan .a 
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.rrwio .ki.no nsiv 5 Ql)u to na w»v niy^mn nnN ion 13.24 


sn« 


R = = 2 . 5 - 10 -3 m 


w = 2 jrf = 2 ic -20 L = 0.02 m 
:Nin yi>s ion »!?o>toon nnvnon .a.N.nn !m:i 


max 


= v-B-L = wR-B-L = 2 xf-R B-L = 2 jr- 20 - 2 . 5 - 10 - 3 - 0 . 2 - 0.02 = 1 . 25 - 10 -3 V 




li = h + I 3 


.-ioyon tin <iina-i>p >pm mtyi nnai 
:tVKntn TlNIrø):) 
:o’5ibcon niNiwa 


1.25-10 -3 = 5-Ij + 10I 4 


1 . 2510” 3 = 5 I 3 - 10 I 2 


:Nin ynn’an 


I 3 = I 3 =2.510-« A ; I 2 = 0 

: cos _ n Tvspno jrnya n>n> HN>nn m >i>o>ton .n.N.nn t = o yjnn on 
Ix(t) = I 3 (t) = 2 . 5 - 10 -«-cos( 40 x-t) 

g 2 -L 2 .y 

——— - mg-sin(a) mw mpuDn nDn n>Dipn nn>nDt? o>y>>a .n 13,25 


v = mg-sin(a)-R = 0 . 2 - 9 . 8 sin( 30°>5 = 49Q m 
B 2 -L 2 0 . 1 2 - 1 2 sec 


:K>n nrpnæn 


= B- 


*1 - v-t -1 


[sin( 30 Q ) 
e = v-B-L = 490 - 0 . 1*1 = 49 V 

mg-sin(a) = B*I-L-cos(a) 

I = v ih __ v-cos(a)-B-L 


:N'in ,:i 

= B-( 2 -h 0 - 490 -t) - 0 . 2 -(h 0 - 245 -t) 

:Kin .Q.K.DD 
:!?prø isæa .k 

:Nm o^n 


13-26 


R 


R 


mg sin(a) = B - f v go s(a)-B-L , L . cos(a) _ B 2 -L 2 -cos 2 (a)-v 
L R I R 


:5apn i>st 


R 


y _ mg-sinfaVR _ 0 . 2 - 9 - 8 sin( 30°)-5 _ 653 3 m 
B 2 -L 2 -cos 2 (a) 0 . 1 2 -l 2 -cos 2 ( 30 °) ' sec 


:N>n nrvnan 


:Nin nnwwn nni> >io>nn 

F = B 2 -L 2 v-cos(a) = 0 . 1 M 2 - 653 . 3 -cos( 30 °) = j 13 N 
R 5 
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/>\? 3 » 37 i mv'? ‘jdwd'i ni>HQ\y Hin ron \)V 0 

:Hin <ioy>P >ivron .* 


<l> = B-cos(30°)- l sin po6 ) - v t l = 0.086-(2h„ - 653.3-t) 


£ x = vBj-L 


.)r>Tb rfc'apovr niyimn nnn ^di mvno .n.N.o v» n 13.27 
e x = v Bj-L :Kin jiiybsruo rtnK bsa .».n.dti 


e = e. 


« 2 = v(B x “ Bj) L 


r x = L + v-t 


H T 

e = v . — 


r 2 = L + a + v-t 


:Kin !?p\yn .».non 
:nyiip nwnro yi 010 nv> ^vdo 


1 


1 


v-L'/yi 

2x 


,f_J-L__l 

[L + v-t L + a + vtJ 


1 *2 

\> J 

na*npn ybsnw pioa .ni?yn Hin niy 72 n» nnn 7 di .Q.H.:?n 1110 .n 
,py\yn ^ivo oy cntn pvo n>n> nnv Hin .Q.R.sn 

:Hin tnpwn ron 


F = 


va 2 '(B 1 - B 2 ) 2 _ va 2> fi 0 2, I 2 


R 


R 


1 


i 


L + v-t L + a + v-t 

.n!?Httvy Kin ron pro 


o = wt = 20-0.1 = 2 rad :N'7> 0.1 sec *VW* Jl'mn .H 13.28 
:2 k -!? mm 'yv >on>n nwn nid AOC mpin rw\y 

:K in nvwn 

2x-2 _ xr 2 -2-(x - 1) _ r2 ./ T _ n = o.2 2 -(x - O = 0.086 m 2 

" 


* =; ^max 2 7 T 2?r 

= B-S = 0.2-0.086 - 0.017 Wb 


:Kin qown 
:Kin yo'v'i ro^nn 


» ™ o/*\ o - wi _ u'r A-y^« 

$ = B-S(t) - B-S max 2 jr 2 tt 

0 = 0-2-0.2 2 -(2tt - 20 -t) _ 0- 008-(x - 10 -t) 


31r - wt B-xr 2 -(2x - wt) _ B r 2 -(2x - wt) 

---=- *“ O 


, _ 

dt 


(-0.008-10) = 0.08 v *«n » N ^ >w>ln 

:nin imn t>vy n’^piiao nrajnni ’io’an .)mn oy nirrøo nminnn 

L ‘ 2 ” x é-M] -> x - 2 "(‘-t] 


L = 2r + 2 tit 
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R = L-p = 2rp- 


= 0.2-(0.414 - t) 




1 + 3T ] 

" 


I = L. = _ 0 08 _ 0-4 :p!? ,Nin >rø>m 

R 0.2 (0.414 - t) °- 414 - t 

.VOM mw .O.N.37I P^I *1\?YQ >13’\y T>K ,K 

B(t) = p 0 -n-l(t) :Nin n?«an mwn .3 

:Hin *|\?wn 

^(t) = S-B(t) = S-^ 0 -n-I(t) = :ir-0.01 2 -4 jt- 10 -7 -1000-I(t) = 3.946-10" 7 -I(t) 


:N1D .O.N.3H 

€ = - ~^ = -3.946-10 -7 - 

dt dt 


ej = -3.946 10 -7 -[2-100-cos(100t)] = -7.9-10- 6 -cos(100-t) 


e 2 = -3.946-1 Cr 7 


(t + 1)3 


1.58-10-« 


(t + 1)* 

:pin cos(30°) -a rvn 'lonniw n»n tmnn .-r 
€/ = -6.84-10-s-cos(100t) 


1.37-10-6 


62 (t + l) 2 


:Nin onp’onn inN 533 >p»3n 

<i> 1 = B-S = K^-t-S - Kj-t-L* (1) 

<l> 2 =~- L 2 < 2 > 

<t> 3 = L 2 B 0 -sin(wt) (3) 

:kid onp>ana im toa 

d(K 1 -t-L 2 ) K x -L 2 -d(t) 


e 2 - -K 2 -L 2 


dt 

1 

t 


dt 


= -K X «L 2 


dt 

L 2 -B 0 *d[sin(wt)} 

_ 


= -L 2 B 0 'W*COS(Wt) 


U) 


L 2 (2) 


(3) 


13,29 


13.30 
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.3 


F = BIL = B e '^ : .o.N.aa ?Pn nn mta nan 

:Hin o’np'oria tnK i?aa nan 

K, t-K 1 L* L _ K^-LM (1) 

F i-R R 


R 2 2 -l 3 

t 3 *R 


F 3 


B ft 2 -sin(wt)*L 3 -w*cos(wt) 

R 


( 2 ) 

(3) 


oi no\yn >v>^nn rnvyn ^vy vn>\yn vvoy .».ion 


_d£ = . 

dt 

-S — - B 
b dt 

dS 

dt 

s = 

(L + X)-L 

dS 

dt 

drL* + L-Xl . L 
dt 

^ = L*V 
dt 




:Mn o>np>»n» 

in* i?aa .a.N.an 









U) 

= -SK, 

i _ Ki‘t L \ 

r = - 

(L + 

v-t)-L Kj - 

Kj-t-L- 

v = -2-Kj-L-v-t - 

L 2 K ;l 

(L + 

vt)LK 2 

K. 

l - Lv 

II 

X 

t* 

r 



C2) 


t 2 

T 


t 











(3) 


= (L + vt)-L-B 0 cos(wt)-w - B 0 *sin(wt)*Lv = B 0 L-[S*w*cos(wt) - v-sin(wt)] 

= N-B-S = N-Hj-n-I-ir-r* ^ = 0 ^|wa w»3 »ttnwnn •* :i3.3l 

A 6 _ 2-4Tl0~ 7 -1000-l-ff-0-01 2 = 7 q.jq-s c I=^=1A 
‘ r “ 10 ‘ 20 

-pi iai>i pi? .tiPnow Kin ?\ymn i?’i?ta >o»Kin mwn 

ppaon ntvna oy .niwovy <io\y w) ’omo mo ?w>«n 

mwian ?\?M»n mwn pi'a .ru?«’ Nin ‘lwon »i??v? ’p'n \op rm>n 
*p ovkP .tPnow pi?i iiva2 "pan nvn2 "P" 1 ^ 

. a 'i? B -a o*hti 

20 t A t 20. _ o s a i^wn >^vya iyv>»n ^ 

1 — 20 ~~ 2 40 

M = *ajJi = = 

R " R R 

2-4ir-1O-7vl000-q - 0.5)-7TjM j^ = q Q5-10- 8 C 
10 

nnt i*nn .yap ’OJ>nn rrron P* W JlVtwn71T1 riin5n 
. A b ”» om onp .o*npn mp^ 
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tnn rmo - 14 pna 


jnbKvy 
’h ntti 

bv 133 b n 3 ina 50 H z b\y nimini >ba>toa nna 200 V bvy i’oib>n nna mpa .1 

.ooNb mw nnan catt iata .50 n 
?iatn bvy mspjiaa mon by nnab >rø> 3 n ina .n 
nmn bvy mspnaa moa ontb >w>an ina .3 
>b 3 ya 3 > 3 >opaKn nnan ina .3 
tbsyaa ' 3 ’\?poNn omn ina .1 

bw bapb n3ina so H z bv nim-rni 'bawaa nna 200 V bvy paib’n nna mpa .2 

.oanb mw nnan e>on iata .100 nF 
’iatn bvy mupnao b 3 pn by nnab >w>an ina n 
natn bw mspjiao b 3 p 3 nntb nvman ina .3 
!biya 3 »awpattn nnan ina .3 
?b.iya 3 » 3 ’opoNn omn ina .1 

b>bob nama so H z bvy ninnni ’bo’toa nna 200 Y bvy yaibm nna mpa .3 

.ooKb mw nnan oon pn .100 mH bvy 
natn bw mspjiaa b’ban by nnab nv?>an ina .n 
natn bw mspnas b'boa ontb >w>an ina .3 
tbsyaa »awpoNn nnan ina .3 
ibsyaa 'awpaNn ontn ina .n 

b’bob naina so H z bvy nnnm ’bawsa nna 220 V bvy vaib’n nna mpa .4 
.ooNb mw nnan von iata .100 n bvy n>a> 3 s nimjnm 200 mH bvy 
natn bvy mspnao b’bon by nnab >iv?’ 3 n ina .n 
natn b\y msipnaD b'boa antb >w>an ina .3 
tnmnnb bjyon nu n> 3 w b 3 pn ina .3 
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papp -ainn 50 H z Piy nnmn »Pn'oaa nna 220 V Pw paip’n nrin "'P Q 
mw nnon odk inta .100 fi Pv2 roa'io nnsinm 50 mH Pvy P’P^i 100 jaF 

.panP 


»Piyan P\y naayn >na .n 
»P iynn Pw yauan n»m ’na .a 
Pv nnpiiaa >ppan nnnP >rø'in ina .5 
’infn Pw nnpiiaa ontP »rø’an mn .1 
bapb min« 60 H z Pw jm*im n'opan nna 200 V Pv> paiP’n n3riQ "'P 0 
.150 il Pv ri'o'ia nvriiJini 100 mH P\y P’bui 200 jiF Pv> 
»Piyna n>opaNn ontn ina n 


U = 200*/2-Sin(300t) 

(™) 


100,uF 


»P»Pt>n Py '3'opoNn nrton mn .3 

k 

»Piyna ontm rrnnn pa yaian \man 100 .1 

10« >p>pc 3 o-itni nnnn pa yomn «nan inn .t 

.14.1 nmav Piynn li™ 

B 

tAD nmpm pa >a»\?poNn nnan inn .n 
J »BE rmipin pa >a»\?pai<n nrtan ina .a 

> lOOmH Pivoa o'iin pa yaion vnan ino .2 
J ! U AD pap 

1 ' pjyaa cnin pa yainn vnon inn .1 

? U BE pap 


.6 


.7 


14.1 nVS 

Tioa nain 50 H z nnnm >a>v?paM nnn 220 V P\!> paiP’n nnn apa 
namv< n\?noPv> .5 A nunn nonnaoN .10 12 Pvy Pap ,am\? P»PcP 

.100 V mon PapP 
»Papn Pia'p ina .k 
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?y»yon nimvyn »no .3 

?yiyon yvy yaian n»iit »na .> 

jyiyoa patmn ma .3 

mmvy o»m?ovayii .yapi 3« ,mnv? y»y v rain yoiy»n nna mpay .9 

.U c = 30 V ; U L = 40 V ; U R - 20 V :1Nin 0»3»3ny 

rnnan m >po nno ma .n 
?omni »yyan nnan pa yaian vynan ina .3 

*y»yon yy nnom »yyan nnan i»a yaian vynan mo .> 

.200 (iF yvy ynpy mvaa nain so n yvy nnainni 100 mH yvy y»yo .10 
J 50 H z yvy nimnna nyipvyn naayn 'na .n 

>n»ya»i»a naayn n»nn nimnn it»Na .3 

nnN yaa lånt mim y»yon nno i>3 yaian vynan n»n» na .1 

?ni»n» 3 nna 

main so H z yvy nimnni »a»v?paN nna 200 V yvy yaiy»n nno mpay .11 

.100 n yvy 3 »i 100 jiF yvy yap y»apoa 
?o»a»anna nnN yaa omn mo .n 

jysyoa »yyan omn ina .3 

?ysyan naay »no .1 

?y>yan yvy yaian n»nt »no .3 

y>apoa main so H z yvy nimnni »n»vapaN nna 200 V yvy nno mpay .12 
.75 Q yvy *T 33 i 100 nF !>v/ yap ,50 mH yvy nmva y»yp 
?a»an ya -pa nntn ina .n 

>yiyoa »yyan om mo .a 

jyiyon naay mo .1 

»y>yon yvy yaian n»nt »na .3 

?P 3 N nnon n»n t=o -a on »yyan omyi »yyan nnoy »io»an mo ,n 
yvy 3« mvaa o»namo >a»v?paN nna 120 V y\y |»oiy»n nna mpay .13 
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.20 mH pvy mnv? P’Poi 10 yF Pw Pap ,100 o 
?>Pn>pan piyna >a>v?poNn ontn rvrv nnnn nipn Pvy nwm nt'io .k 

?nt anna Piynn naay n>nn nn .a 
?;vn >Pn>pann D-itn P^ -pyn n>n’ nn .:> 

'a 

o’nann .0.5 A Pvy on^P myvn 20 Cl Pvy nvTimn nPya nivyp mn -lt 
Pap so H z rrnnm ’a'opax nnn 10 V pvy nnn nipnP nroa tvPn 

.100 yp Pvy 
?mua cntn inn .k 
» mim pocn inn .a 
»Piyna papnn oni inn .1 

nPn>oan paon n>n> mnavy na PiynP P'ianP vy> a’an nf’K .1 
p>Pt>a ,nn>« n’n'ian invnonnvy 4 V Pvy *vvy’ nnn npnp P’Pt> o’nann .11 
Pw y>oiP'n nnn mpnP P>Pon nu onann nwxa .0.5 A Pvy ont onit 
.0.1 A Pvy ont ia out so H z nnnni »a>\?paN nnn 4 V 

iP>Pnn niNivyn ’nn .k 

»pjyna pavann inn .3 

»pjyna paonn cnu inn .3 

*0.5 A Pvy onf oinp P’Pnavy na PiynP P’ianP v> ann ntw .*r 
>pna niP’yn ia wnnvynP na .2000 W/110 V oivyn'Pnvyn oipnip Py -i 
.2>an mna iP onann (50 H z Pvy nnnni 220 V Pvy »anapaN nnn) 

nnai nairv -ts>a ,oipnipP nainvy ™ Pvy lany nvnP in* no •*« 

?ia taun> oin 

’DipnipP nainvy Pap Pvy lany nvnP in* nn .a 

js n p\y n>n’ia nvnwn Pya P’Pp Pvy lany nvnP "jns nn .% 

nain 50 H z Pvy nrvini »avopoN nnn 220 V Pvy vaiP’n nnn mpn .i 


243 


100n 


5 On 

L 2 *40mH 


lOOmH 

r—'Trørør- 


1 


ion 

. 


. 14.2 nvaav biyob 
nn«nnn K>n 10 o b\y nvmmnn 
.b>bon b\y n>a>:ian 
’bjyan naay >na k 

?biyna >a>\?paNn om ina .a 

?b>bon by >a>\?paNn nnan ina .> 


: -t— SQ/uF 


14.2 *1V^ 


L*lOOmH 


-©- 


ion 

***** 

nWf 


?omi 'bban nnan fa yoian \snan ina .i 
?omi b'bon by nnan i>n yaian \ynan ina .n 
■tam so H z b\y ninnni >a>opaN nna 220 V Pvj i>aib’n nna mpa .is 
.b’bon bw Ji’o’ia nminn N>n nimmnna nnN ba. 14.3 nviow bayab 

’bjyan naay >na .n 
» bjyaa »a^opoNn om ina .a 
ba by >a>\?paNn nnan ina .> 

: 50 uF »o’b’bono inN 

nnan i>a yaian wnan ina .1 
»omi >bban 

nnan i>:> yaian «nan ina .n 
14.3 ni>s ?ontni b’bo ba by 


>a>\?paN nna 100 V bw 'røm 200 V bv mm ,i>aib’n nna nnpo >iw .19 
yaian vnan o« bjyab ipaa>v nnan n»n> na .biyab nrøa onaina 

:Nin on> 3 ’a 

X 5 T 

— .*t x .3 — ,a oaN .n 
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.20 


5 si bv rrøoa nnainni >a'\?paK nno 220 v iw voi^’n nno upo 

.100 W/220 V n'iy ainav mui naino 
jnnun nminn >no .n 
» num npin pacn nt>Na a 
»nnon upoa nnran paonn ino .1 


’o'ptnn nnoi .o.M.a -n yi yaio vnan v> oxn .1 
nn»nni 50 H z iw nnnn ,>a»v>poM nno 200 V iw v ai ^ >n rmn *'ipa 

.50 nF iv iapi naino 10 n iv n’o»ia 
»iiyoa >an>paNn onfn ino .n 

’D’p-rnn nno ino .2 

»iapa mtm D'pnnn nno y >2 yaion vnan ino .1 


»o’pmn nnoi .o.n.d *n pa yaion \ynan ino .t 
nrninni 50 H z iv nrrnn >a>\?paM nno 220 V ivy vaii>n nno Tipa 
. 14.4 nnaav iayoi naino 10 si bv n*o’3a 
»iiyoa »a>\?paNn ontn ino .n 
na'opaKn o’p-rnn nno ino 
"l>a yaion vnan ino 
’o’pmn nnoi o.M.a _ n 
>yn Q>D>yoi niawnn unvn n^’a 
i»io iapi moa iiyoi wiai om 

.14.4 1VS u0 ° mH 



.2 

2 

•*T 


.21 


.22 


nno mpoi moa onaino 100 si bv twi 20 (iF iv> iap ,mn\? i>iv 
nnoi mw i'ion iy »a’opoMn nnon .200 V iw »a'vapoN nno i\y 

.300 V onnwi iapn iy ’a’opoNn 
n«n iy nnon ino .k 
’ iiyoa »a'opaMn om ino .a 
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mnon mpo nnnn ’nn 


.31 

Jbiyon paonn mo .t 

200 V b\y nno mpob moa min so nF bw bapi >bN'*r>N Nb b’bo .24 
.250 V kid bapm b'bon Pv nnon .50 H z b\y unnm >a>»paN nno 

»biyoa omn nomy >no .n 
nniNnvn »nai b’bon nrninn >no .a 
’omi >bban nnon ya yoion \rnan ino ,:i 

?omni b’bon by nnon ya yaion vnan ino .ir 

moa nain 50 H z ninnni »3’upaN nno 220 V b\y nno mpo bN .25 

Nin biyoa paonn .100 V Nin "Din by nnon .b’boi 100 n bw -raa 

.150 W 

>b>yoa >a'\?paKn om nomy >no .n 
? b>bon bw nnmnnn >no .a 
?b>bon nwiv/n >no .:» 

?b>bøa ’3’v?paNn nnon ino .*r 
?b>boa omm nnon ya yaion vinan ino .n 
rbiyon bv potrnn omi ino .i 
ii *b paonn omi m -panb yvi *Tii>a .t 
50 mH b\r> b>bu moa o>naino >a>opoN nno 200 V b\y nno mpo 'pk .26 

vnan . 0.6 Nin biyoa paonn 0*111 .bapi 10 n bw n>o>ia nvninni 
.75° Nin b’bon by omm b’bon by nnon ya yaion 

jbiyon naay >no .n 
» b’bon naay >no .a 
»nnon mpo nim-tn >no .1 
’bapn ino .*r 

mi mon m’n 50 H z nimnni ’a’opaN nno 200 V bo nno mpob .27 
.140 V b’bon byi so V n>n min by nnon .b’boi 50 q bo 
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»a>aon nitoon mo .k 


?a>aon iinum mo .3 
»a’aon ao paonn mo .3 
min ao paonn mo .1 

npaonn Mon nona nnamo it nny .75 W/220 V oion nny M .2:8 

.50 U z nnnna 220 V-o mai nno 

paonn ony mi Mp man omnno Mn nito nmn nnuno na - K 

>aapn ao iany mo .0.5 wn 

10 £2 ao n'O'ia nnunn a »3 Mo aapn oipoa omano im oki .3 
ia>aon ao iany mma -pm< no ,nM nito nmn nmrno v ra 
mt nnpoa nnon mpo nnoi nnyn nno ya » a ' lor ' vn3n VU1 Jl 

.50 £2 ao -TM a>apoa nain 10 £2 ao nmmm 100 mH ao Mo .29 
.U - 200 SinUO 0 t) nmun 10 nno mpoa onaino onm> 
t^’ljoa >3»opat<n ontn mo .n 
mia o'opaKn ontn mo .3 
>Moa iotn ao n'spnaa onta 'ioon mo .2 
*1233 iotn ao n* 3 tp 3 iaa onta >io* 3 n mo "i 
*>aaan »a>\?pat<n ontn mo .n 
»a 3 yon ao vaion n»nt mo .1 

.100 tiF ao aapa a'apoa n 3 inn 50 £2 ao nrT 33 nni 200 mH ao a»ao .30 
.50 H 2 nimnni »a’opaN nno 200 V ao nno mpoa o’niino on» 3 o 

?a>ao3 >3>opoKn ontn mo k 
» aapa o'opaNn ontn mo .o 
*>aaan '3'opaNn ontn mo .2 

»aiynn ao yaion n»nt mo .1 

nno mpoa 150 £2 ao n»n>» nminn aya >aH»*w na a»ao omano .31 
jnn>nn3 ,*y>oa ninyn ninnni ,200 V ao mmpan nno aya yoia>n 
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onrøi moa aap a»aon 1 >n onano .1 A a\y om maoi omi so H z bvy 
niwi >an>con Min bapn av ontn twn tv ,nnnn mpo nnnn tim 

.150 H z N>n nt aaoa ninnnn .2 A *a 
i'ywn'y oiarw aapn ino .n 
? ni avoa anpn av nnon ino .a 
?m astoa >aaan omm >aaan nnon 'pa voion man ino .1 

'> not 

. 14.5 ni^aw >ivon lim .32 
taapa oitn ino .m 
? aiVK>a ’aaan oitn ino .a 
inaipvn naavn »no .1 


ia>>nw mn\? a>aoa naino 60 H z nnnni 110 V aw yijia>n nno mpo .33 
.o»>n» »o am aaian min a>apoa R t« 'y>'yv'y o'nann twkd .20 n 
>o>’ow ’d iop aaian min ,aap min oipoa >'yv'y onano nwna 

nmn nrninn >no .n 
? aapn aia>p ino .a 

>onp>ono ton aaa >aaan mini naan nnon va vaion man ino .1 
40 mH :?*> >w a>ac>a m\?a naino 100 a ’yv nmmni 20 mH av/ 'y'yv .34 
»a>\?paM nno ava nno mpoa mv>a onaino o”iv/n 100 n av/ nmmni 

.50 H z av/ manna 200 V av/ 
?o'b>aon av o>nnon i>a vaion vnan ino .n 
inairn on on o>a»aon am o>omn i>a voion vnan mm no ,a 


U=200Sin(300t) 
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?ntP nt P’apnn 


100 |iF Pw Pap"! 50 Q -1 SO mH Pv> mno nP P’Ptf ,ioo o Pw t« 
nnn mpoP p>ap»a onainn nviPwn .ntP nt ni P^P»2 tanainn 
.200 V Pw >2'\?poN nnoi so H z Jvnmi 
?Piyx>a omn ino .k 
» yjynn Pv< nPipvn naayn >nn .a 
’Piyon Pvt> yaran n'iii ’nn .a 
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:on o>3iron 


U, 


max 


= 200 V f = 50 Hz R = 50 ft 


:N»n vaii^n nrtai> n>55an nnoiin ,n 
u = u max sin(wt) 

:Kin nnni> »i\5>an 

U = 200-sin(2x-50-t) = 200-sin(100x-t) 

TT :Nin »bo'ooon ontn .a 

T ... u max 200 . . 

A max- r = IT = 4 A 

.nnn5 o*itn i>a yaw \yion pn 

:Nin >io>an 

I = I max sin(wt) = 4-sin(100x t) 


:Nin »a'apoNn nnon .y 

u eff = Urna ~- = — = 141.4 V 

V 2 V2 

:Nin '3'v>pDNn o*itn .-i 
I e ff = = — = 2.828 A 

V 2 V 2 


:OD 0>31J13n 

Umax = 200 V f = 50 Hz C — 100 /iF 

:mn nna^ >io>an .n 

U - U max s m(w.) * 200-,m(100. t) 

:Nin !?apn bw 2)»nn .a 

= 31.83 ft 


X c=n^= 1 


wC 2xfC 2 t-50-100-10" 6 

:kid >bo»oaon omn 

T _ u max _ 200 , 00 A 

A max v_ - o. oo - o.zo A 


X C 


31.83 


14,1 


14.2 
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onpn o*wn ivyH 3 ,i>apa cnt!? nnnn ya n/2 5v yaio vian \y> 

.nnon dh 

:Nin cnrt ’io’an 


I ” ^max * s I n | 

wt + - j = 6.28-sin 

100x-t + |j 
:Kin ’a’opaNn nnon 

Urff - Umax = 200 - 141.4 V 


V2 

v2 

:Nin >a>ppaNn omn 

T Imax 

Jeff - 

6 28 = 4.44 A 


y/2 

V2 



:ort o’Jinin 


u max = 200 V f = 50 Hz L = 100 mH 

:Nin nnob 'rø’an .n 

U = U max -sin(wt) = 200-sin(100ir-t) 

:kid Wvn ’pv aj>nn .a 

X L = wL = 2irf-L = 2?r-50 110010- 3 = 31.4 fl 

:«in >l>o’paon tnm 

_ u max = 202. = < 5.37 A 
A max x L 31.4 

onpn nnon -røNa ,t>apa ontl> nnon ya n/2 t>v yaio vnan v> 

.omn nN 
:Kin o->(^ >i\yan 

I = Imax sin ( wt - 2] = 6 - 37 - sin ( 1005r - t " 2) 

:Nin ’a’opaNP nnon .1 

:«in »a’ppaNn omn .7 


U e ff - 


U, 


max 


V2 


= 141.4 V 


J eff 


Jmax _ 6.37 _ 45 ^ 
y/2 y/2 


14.3 
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:Nin .n i4>4 


U = U max *sin(wt) = 220-sin(I007r-t) 

:N>n i?\s> ntripwn nnDyn .n 

Z L = Ir 2 + X L 2 =Jl00 2 + (2?r-50-200 10-3)* = 118.1 ft 

:Nin o^tn 


u 


A max 


cos($) = 


max 

Z L 


R 


220 


118.1 
100 


= 1.86 A 


:yOtt)n TP)M TlK N 2 E 0 

= 0.846 -> <j> = 3208' = 0.56 rad 


Z L 118.1 

wn cnti? pin tntn jin onpa nnnn bPpa 

I - 1.86 sin(1007r-t - 0.56) 


AV = 


_i_ 

\/LC 


:K>n n*nrmn n>jinnn nnnjin 


c - -J— = 

w*-L 


1 

47T*f2-L 


:N1D O'NDDn !?3p71 ,pp 


_ 1 _ 

47r 2 -50 J -20(M0 -3 


5-10 -5 F = 50 nF 


.on o'jrøn o’a»3nn 'tv o’nj>nn .n i*.s 
R = 100 ft X L = 2*f-L =2x-50-50 10~ 3 = 15.7 ft 

X C = én = r~ =- 5 -- 31.83 O 

wC 2rfC 2jr-50 100-10~ 6 

:n>d rPipwn naayn 

Z = IR* + (X L - X C ) 2 = V100 2 + (15.7 - 31.83)* > 101.3 ft 


tg«') = 


X L -X C 
R 


:N’n bpnn !?w yainn n>m .a 

^ 5 ' 7 100 1-83 = ■ 016 * = ~ 9 ° 9 ’ = - 0.16 rad 

:Nin nnnb >win j 


U = Umax sin(wt) = 220*sin(100^ t) 


T _ ^max 
A max _ 2 , 


220 

1013 


:Min >l?D^D) 3 n Qltn 
= 2.17 A 


.1 
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I = 2.17-sin(100fl--t + 0.16) MV\ D**P >1\5'3n 
n 3 >na» w , ’a >ap ,nn»n jin onpn cnin ’a (+) ti) 

■a fpyoai H -a npain yown n»w o-rtP n»Wan nnoua ’a - nnrun 

(n’P’pY; n’rit uPa’p 


:o;i o’rrøn o’a’aan Pv o’avnn .n 14.6 

X L = wL = 2irf-L = 2ir-60-100-10 -3 = 37.7 ft R = 150 11 

v J_ = 1 = _ l -- 13.26 n 

C wC 2 rf-C 2ir-60-200-10~ 6 

:K>n nPipvn naayn 

Z = |R 2 + (X L - X C 7 = Vl50 2 + (37.7 - 13.2b) 2 = 151.98 O 

% 


u eff 


:Nm ’a>opDNn cntn 


T eff z 
Z L = 


200 

151.98 


= 1.32 A 


:N»n p’ppn py nPip ' 1 ’ 71 7 iaayn 1 


r 2 + x L 2 = V150 2 + 37.7 2 = 154.66 ft 

:Nin p’pon Py ’a’opoNn nnan 
U ef f (L) = I e ff - Z L = 1-32-154.66 = 204.16 V 

:H>n Piynn Pv> V£»»n n»w 


tg(« 


X L - X C _ 37.7 - 13.26 = o 163 é = 0.16 rad 

= - — ‘ - 1 CA 


R 150 


:K>n ttvn ysmn n’W i 


tg(^L) 


X L _ 37.7 _ q 25 = 0.246 rad 

R 1 


150 


:Pjyon naay jin Pa ortp nsoj -N i».7 


r = io n 
X L = wL 


:on o> 3 wn o>a>:nn o>i^nn 


= 300-10 -3 - 30 n x c 


1 

300-100-10 -6 


:N>n rtøipvn nnsyn 


33.33 O 
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Z = IR 2 + (X L - X c ) 2 = V10 2 + (30 - 33.33)* = 10.54 O 

N 


U e ff = 
Z AD = 


^max 

V2 


J 2-200 
V2 


:nid Pjvkd >3>\?p:>Nn om 


= 200 V 


J eff = 


U ef f 


200 

10.54 


:Nin D 'I A )>3 '3>\?P2N71 nnon 
R* + X L 2 = V10 2 + 30 2 = 31.62 n 

N 


U eff (AD) = Z AD -Ieff = 31.62-18.97 = 599.9 V 

:N»n E -i B -)>3 n3ip\yn n3pyn 


18.97 A 


.3 


Z BE = X C - X L = 33.33 - 30 = 3.33 O 

:Nin E -i B i>3 ’3'opoNn nnon 
U e ff (BE) = Z BE -I eff = 3.33-18.97 = 63.23 V 


:o>3>nn TiKnjN’ts o>:røn o»nnnn nn hn-o .> 



oy yamn man own i>xn 3y kid E -i B )>3 nnonvy )ivdd ,-r 

. n/2 kid min 


55j 3 AD nnon 3in tik 5p3d DE nnon )mn imN 3 w pi> 3 n .n 
pi’33 nnw D’nnDn 3 d jv ~ o»ipo v>~i3 .on’i’3 yavon man 

•Viin inw3 nnnn *npo nno5 


’ 3 >\ 3 P 3 K 71 omi ' 3 'ppann nnan ya pn>n Nin inpn !>v amn .k 14.8 
U C eff = 100 V I e ff = 5 A :1’5v 

x c . Hpffi . is« . 20 n 

eft :Kin Pia»pn 

C = -?-- -i-1.59-10 -4 F = 159 uF 

2*f-X c 2x-50-20 
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nvvwDN >tw w> tnynn varan nmt omm vnw yti’Dn a 

7 _ U eff _ 220 = 44 n :inn’a5 

x eff 5 

Z = |R* + (X L - *CP 44 2 = 10 2 + (X L - 20) 2 

' -:h ninvyaN 


X L = 62.85 n 


Xl = wL = 2irf-L 


L 


X L 62.85 _ n , 
2 *- 


:’3 nnvJDN 


Xl = - 22.8 n 


!>i\y£>N Ni> 


:n'ti invon varan nnit ,ONnna .a 
■:h nnwoN 

t g(rf) = - L ~ X Q - = 62 85 ~ 2() = 4.285 -> <j> = 1.34 rad 

R 10 


:p 5 i iai?a -nm t?v paonn nid pacnn .*r 

P = I 2 R = 5M0 = 250 W 
eff 


:Nin !?ip\yn nnan .n 
u z = IU R 2 + (U L - U C ) 2 = V 20 * + (40 - 30) 2 = 22.36 V 

N 

:N>n !7jvan !w varan nnit .a 
tg(0 = UL Ur U ~ = 40 ^ = 0.5 -> * = 0.464 rad 

:K>n VPraa nniani >Wan cntn ya varan nnit .s 
tg(^)=^-=f=2 -> 1.107 rad 
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:nvmn ya vnann K>n o’nnnn ya yaion mit 

A<j> = <jy' - <j> = 1.1 - 0.464 = 0.643 rad 


R = 50 O L = 100 mH C = 200 /iF f = 50 Hz 
Z= [R t +1Xl - X c ) 2 

“S 


.K 14.10 


:k>d nbip^n rQDyn 


z = 


5() 2 + 2tt*50*100*10 -3 


1 


2 = 5235 Q 


2x*50-200*10 -6 

j 

N>n rmrmn rmnn .rmnn !?v> 2x122 7)^12^12 rDDyn .2 

1 _ 1 _ 

2 * 


f = X _L 

0 2 ir 


'Æc flob-10-s-200-10-6 

N 


= 35.6 Hz 


:’H 2X122 ,H)7l yOIDD VODn .) 

tg(^) = ~ = 2ar ~ 50 '^ 010 ~ - = 0.628 -> ^ = 0.56 rad 

:M 2X122 

W - ^ , 2,35^10010- , 0 . 447 ^ , 0 42 rad 


R 


50 


X C w r 


1 


:Kin iapn ipd 14.11 


wC 2 tp50*100-10“ 6 


■-= 31.83 n 


:Kin inpn vpv>poKn cntn .n 

t_ rr U eff 200 

l C eff ~ x£- ” 3133 = 628 A 

T . U eff 200 , . ’WflKTi ™ 

R eff “ R 100 2 A 

:Nin >!?!Pon cntn n/z Nin a>xn*n ya ysinn vnonv pvan .a 


I = I R 2 + I C 2 = V2 2 + 6.28 2 - 6.59 A 


1 

Z 


R2 


X C 


1 


1 


100 2 31.83 2 


:K>n !w&n may 
= 0.033 Z = 30.33 fl 
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wn Piyon varøn n>w .1 

cos(*) = | = ^ = 0.3033 -> <t> = 1.26 rad 


X L = wL = 2*-50-50-10-> = 15.71 n =on o*iwn onwn o>ivnn 
1 1 1 = 31.83 n 


X C = 


wC 2irf-C 2ir-50-100-10"' 6 

:on o>)wn o-o •om yn o'Kntn .n, 

u eff _2i-o«A 

u eff 200 


r C eff ~ x c “ 31.83 


= 6.28 


T ^eit _ zuu __ o fsi a 

IR eff = -r“ 75 ' 2 6 

lT Hefl« 12.74 A 

IL eff x L 15-71 

:Kin ’Wan o-itn .a 

I Z eff = Jl R 2 + (I C - I L 7 = n/2.67 2 + (6.28 - 12.74)- = 6.99 A 
:(o>avr™ jirw* piBi) iw) N>n rtøipwn rosyn 

U e ff 200 


Z = 


I Z eff 6.99 


28.63 n 


iWT) bayan yo'iari . t 


1 


tg(£) 


, X C _ 31.83 15.71 _ _ 2.42 


!_ 

R 


x 

75 


= - 1.18 rad 


:on o^n'i nr»»!? o^v^in .n 


U == 200- |2sin(2x50-t) - 282.8*sm0007Pt) 

N 


I = 6.99- 2-sin(23r-50-t + <)>) = 9.9sin(1007rt - 1.18) 


inn PiyEa n>P’iJW yaia Ji»m *3 entn nN cmpo nnnro 

(>p>apn 5 >y» 


_I__ _L-= 2236 — :rmnro n 

— ____ sec 

VLC j20-10- 3 -10-fo-- 6 f = w_ _ 2236 = 355 9 Hj , 
z = R = 100 n : 7 »n irminn!? niw nbipvn naoyn 
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14.12 


A 


14.13 


,a 



:Nin >n>ppoNn cntn 


x eff = 


Ueff 

Z 


120 

100 


1.2 A 




Z = 


R 2 + X C 2 = 


20 * + 


1 


:N>n nbipwn moyn 14.14 
- 37.6 n 


leff = = 3^6 = °- 266 A 


P = I e ff -R = 0.266 2 -20 == 1.4 W 


27r-50-100-10" 6 J 

n >!>Pp3Nn D-)n .N 


:Kin mm popnn .a 


cos W )=|=^=0.53 


:mn pot>nn did .j 


'ppinb in* is ov>b .rmnn bvy asna >ba’t?Do poonn ,*r 
:b’bon bw iD7v tin nhoj rmnnn nnnn nnoiio .b>bc 


L = 


1 


w o 2C (25T-50) 2 -100-10-6 


= 0.1 H 


.n>n»jD nrrjjjin w> b'bobvy □>p»oa uran -i\y>n nnon m>n b\y iirun -p n.is 

:rmw nsdj 


Rt _ U _ 4 „ n 

Rl " T - oJ = 8 n 


U e ff 4 

z L = - j rc = qT = 40 n -M’n i>oib>nn o->t bjyna ro3yn 


:pb .Tom b'bun b\y D>3>>nb mrøp raoyn .n 


x L == 


Z L - R l 2 = V40* - 8* = 39.19 fi 


l-^L- S2J2-0.12H 
w 25 T -50 

:b>bcn bv> n>nnmn nvrMnnn by Nin popnn .2 
P = I eff 2 -R = 0.1*-8 = 0.08 W 



costø) =|=|> = 0.2 


:Nin popnn onu 


. R jpnnwn niTOnny mw y>yan roDy .nnnn yp nao vn i 

r-onyp yip *ppiny p> rmnn yp nsa jtpjp opy 

1 -1-= 8.44-10" 5 F = 84.4 fiF 


C = 

w 0 2 -L (29T*50) 2 *0.12 

R = m = ii5i = 6.05 n 

P 2000 

Ieff = ^ = 4^r = 18.18 A 


:N>n oiptoipn jrminn 


R 6.05 

- oipoipn nn»nnb wi-ænno nw nvny i«n .n 
1>3 V31K i vnan y>0 >yyon nnann ri’yno tptp pyy nnonp hd , 6.05 n 

(oh« yy a>nnan 

2000 W - nipmpn yp popny nirø ron yy popnn 


:Km n/z yp yovon pnon yy« ,y:»pn yy nnan .o 


u c = 


u z z - U Ri 2 = \/220 2 - 110- == 190.5 V 

:xin yapn ayn 


Xr . _ U C e f £ = 19M _ 10 .48 n 
X c - Ieff 18.18 


C = 


1 


:Nin yu’pn 
3.04-10' 4 F = 304 fiF 


w-X c 2?r-50-10.48 

:y»ypn yp 'oninn pynn yy nnnn .> 

U( r l ) = I eff -R L = 18.18-5 = 90.9 Y 

:Nin y>ypn yp >mxnpnn pynn yp nnan 

(-m -ny iao x>n inn^nn) 

U L = Ju z 2 - [Ur + U(R L )] 2 = V220 2 - (110 + 90.9) 2 = 

Ul 89.66 


Y _ __ 

L “ I e ff 18 * lg 


= 4.93 O 


:Kin ^vr) nvn 
:K^n m h^vt) 


L == 


= A93_ = 0.0157 H - 15.7 mH 


w 27T-50 


14*16 


89 .66 V 
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:n> 7) nl^pvyn niDyn .k 14*17 


z = 


(R x + R 2 ) 2 + X L 2 = J(100 + 10) 2 + ( 2 ir- 50 - 100 - 10 -3 ) 2 = 114.4 ft 


„ :Nin ^yan '3>opoNn tntn .2 

r „ _ Heft = _220_ = 1 92 A 

Aeff - z "114.4 lifZA 

:Nin i>y »a’opoNn nnian .> 
Ueff (L) = Ieff ’Zl = I e ff 


X L Z + r l 


2 _ 


= 1 . 92 -J[ 27 r- 50 - 100 - 10 -3 ] 2 + 10 2 = 63.3 V 

lO’ivnn n» 5 K>a mtya ’n -1 ’*r n’O’ytn yoion nvin n* awro 


:K>n bwnn bv yoinn .1 

«*« ■ grt ■ ^Tr ■ °' 286 * ■ °- 28 rad 

:N'ri ivbtn i>\y yaian n>in .n 


*./i ^ X L 2 jt-50-100-10~ 3 

tg WL )= R-= -ui- 3 ‘ 14 ^L = l- 


10 


26 rad 


:N>n i>jyon n^ipvyn naayn .h 14.18 


z = 


(Ri + R 2 >* + ( X L, + X L 2 - X C>* 


Xp = -J— = -i-= 63.66 ft 

w-C 2*r-50-50 10- 6 

X L = w-L 2 = 21T-50-100-107 3 = 31.42 ft 

X Lj = w-L 2 = 2r-50-40-10 -3 = 12.57 ft 

Z =V(50 + 10) 2 + (31.42 + 12.57 - 63.66) 2 = 63.14 V 

T u eff 220 , . :xin toynn »a'opaKn o->tn .2 

I e ff = ~y— ~ —— = 3.48 A 


63.14 


Ul = Ieff 


R 2 + Xl :nv» n^b'bvnn idh bz> by nnnn .> 


Ul = 3 . 48 -J 10 2 + ( 2 T- 50 - 100 - 10- 3 ) 2 = 44.84 V 
U Ls = 3 . 48 -J 50 2 + ( 2 jt 50 - 40 - 10“ 3 ) 2 = 179.4 V 
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:n»7i Vivnn 'iv varan n»w -i 


tg (4>) = 

tgWi) = 
tg('^ 2 ) = 

U = U 

U-Jl 

U = l 

Ux 

U Y 

R = 

I = 

P = 

P' 


X L x 

♦ X Li -Xc _ 

31.42 + 12.57 - 

63.66 _ 0 


Ri + R s 

50 + 10 



:Nin Wo t>a 5v 

enni nrran ya 

varan wnan 

X L, 

31.42 = 3 142 

—> <f> 1 = 

1.26 rad 

Ri 

10 



X L> 

_ - 12 -57 = o.25 

1 

1 

V 

s 

II 

0.245 rad 

r 2 

50 




:i»jn Nin *m>nn vara 

\ynan yN on 

1 + u 

2 = 300 V 




_ : n/2 Nin varan vnan nvio .a 

U* + U 2 2 = 223.6 V 

:o>nnnn “W’n nid ti t?\y you) \sn£>n .> 
j i . u 2 = 100 Y 

:^tpvjn .^lopvi niti nv^nn *t 

= 220 + 110-cosff1 = 275 V --- T 

l 3 J U = U X 2 + U Y = 291 V 

= 110 sin||j = 95.26 V 4 

:N’n mim Jiminn .n m-zo 

s m = 48n 

... :Nin ^>V03 ontn - a 

22 Q- = 0.45 A 
R + R 

, p-R = 97.97 W :Kin nnun paon 

:Kin nra’ian nminnn !?!?:>a tatarran paonn ■> 

= Pr = 1.01 W 

.ohw pn vp ia pjvna vara vnan i>n .n 
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:n>d nbipAtin ru^yn .h 

X c -= 63.66 n 

2irf-C 

Nin n>opoND ontn 


Uq = I*X(^ == 197.57 Y :!npn by nnnn Nin o>pinn rma .i 


vmn vnon vn bipn bipn by nnnn Nin opmn nnavi> .> 

. ti /2 b\y yoia \snsn n>n> nmm tntn pi n /2 bv> 


(.E.N.Dni) nnan mpai nn»m (opnnn nna) bipn by nnan pi .7 

tgtø) = = 0.157 -> 4> = 0.156 rad :V01n ra 

X C 


z = Jr 2 + x c * = 64.44 n 
!eff = ^ = 3.1 A 


Z = x c 2 + (R + r) 2 = 127 (2 

N 


:N>n nbpwn miyn .* 


I = ^ = 1.73 A 


:Nn >l>UpDNn D7tn 


onl?vy nbpwn miyn .bipm 73on by nnan Nin op 7 nn nna .i 
--— :wr) 


Z' = 


x c z + R* = 118.5 n 


U' = I*Z' = 205 y 


:Nin on>by nman 


tg(^) = ~ = 0.6366 


W= #T? = 0 - 579 


:N>n .a.N.m bvy yuan n>m 
-■> <f> x = 0.567 rad 
:N>n opinn nna b\y yuan n>m 
(f> 2 = 0.524 rad 


24.21 


14.22 
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= 0.04 rad Mm on»a>a n»mn 


;K>n nPipwn naayn 

Z = J(X L - X c )* + (R + r) 2 = 114.6 fl 

n>opoKn o"un 


'eff -% 8 -- 1 - 924 

:K>n tn>n’3£)n nrmrinn ^*o k!?) rwwnn rasyn 


.1 


Z' = J(x L - X C )* + 
U = Z'*I = 201.7 y 


105.07 O 

o>p*mn nno 


:H>7) o*pmn nn« bw yDi^n n>VK 

= _ L r —S. = - 0.3226 — > 0! = - 0- 31 rad 

:K>n ,n.K.3n yoion n'Vrt 

tg(* 2 ) = X r~ + ^ = -0-29 -> K = -0-285 rad 

:Nin On>3’3 V21071 WIDn 


A <j> = 0.025 rad 


. 200 V nnon mpo Pw nnon mn i»n Py rmnn .n 


:kiti ontn pP ,i>3D Py N31Q3 nnon upE nnon Pt> .3 

:Ntn Papn ayn 


T U u _ 200 _ 2 A 
1 = z = R " 100 " Z 


Xc .lfc.a., 50n 


w = 


-i- 333.33 — 


CX C sec 

p = p-R = 400 W 


:N>n nnon *npn nnnn .5 

f = = 53 Hz 

2 tt 

:NV! l>3n psun .1 


1^23 
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:Nin !npn avn 


•N 14.24 


x c » 


1 


I = 


2ir-f-C 
U C 250 


= 63.66 O 


X C 63.66 


= 3.93 A 


Z L= ^ = |^= 63.66 n 


:Nin 5>y»a mtn 

:M>n >'?vr\ moy .3 


X L 2 + R 2 = 63.66 2 




Z = Jji = m = 50.93 O 
z= [R*T(X L - X C P 
50.93 2 = R 2 + (X L - 63.66) 2 
R = 46.68 ft 


:N>n nNnum 


w n Wpn rm:onn 


L = 


X L 

— = 0.138 H 


:*on !?>bon mnnvyn 


tgtø) = 


:Nin tntm nnnn yn V 1 Vfliwn vnsn 
Xt - x r 

— —> 6 = - 0.4 rad 


Xt 

tg(^ L ) = ^ 


:Nin cntm y>>pn >y nnan ya ya yaian vnan .t 
—> = 0.75 rad 


:N’n ’i’opoNn mtn nmiy .n 14.25 


Ur-i r - i-S-' a 
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:nvrMnnn r,Nnat> paonn nnom vmnvn .a 
P = Ieff2R _> R=i ^_=m=i50n 

R = R' + R l -> Rl = R - R ' = 150 - 100 = 50 n 

:N>n rtøipvyn naayn .> 

z = y = 220 n 
z = Jr 2 + x L 2 

X L 2 = Z 2 - R 2 = 220 2 - 150 2 X L = 160.9 ti 


L = 


^ = 0.51 H 
w 


:N>n nunwnn 


•.Nin >a>opaNn nnon .7 


U L = I Z L = 1 168.5 = 168.5 V 

tgtø) = 5^ = 3.2 -> <f> = 1.27 rad 

k L 


:Nin yaian \ytan .n 


costø) * 1| = 0.68 


:Nin ^ynn paonn mu .i 


:ii>ia>p\y i>ap aaro .t 


w = —i-> c- hr= 1.987-10" 8 F= 19.9 ftF 

Vlc "* l 


cos(« = | > Z = - sW) 


:!?>yon niDV tin nsxh popnn oma nnooo 
R 10 


0.6 


= 16.67 O 


Z L = [xE 2 + R 2 = 

N 


38.6 n 


:N’n Won naay 


.N 14.26 


i'p'yvn ai>n tin ni*«!? na tntrn nnan ya yainn vnana wsttot .a 
tg(75°) = 3.73 = ^ -> X L = 3.73 10 = 37.3 fl 

k l 



:hk) nnon nip« ninnn .> 


746 rad 
4 sec 



118.8 Hz 
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.(!o> 3 n>t-& or\m) papnn otmi ymi vnnw .1 
o^nvn o>Dnyi? nnt n>d cos -n n>2pm >d jivmaN >n\y rn«»p 
tgtø) - <t> = ±0.927 rad :0»^vn 


X L - X C - +9.27 

37.3 - X c = +9.27 -> X c = 28.03 fi ; 46.57 ft 


C = 


27ifX c 


C 2 = 28.77 jiF 


t U 80 , , A 

I = R = 50 = 16 A 


ZL 


U 


= 87.5 n 


z= ~ = 12 5 n 


C 2 = 47.8 /jF 

:Nin !»ym oitn .i+n i*.27 

:nid P\y ivnn 

:N>n ji»^5dd nisyn 


:5'5on imuTin tin Niini niKirøun >nwo 
z* = (R + r l y + x L 2 

Z L* = Rl 2 + X L 2 -> R L = 54.69 ft 

Xt = 68.3 ft -> L = = 0.217 H :N’D nwovyn 

w 

Pl = P Rl = 1.6 2 -54.69 = 140 W :Hin b'boi pocnn .3 

P R = i* R = i.6 2 -50 = 128 W wn irn popnn .1 


R = ?pp = 645.3 ft 


:N>n rwon nvnjnn .n 14.28 
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:Kin ’^an oim 


= U = U = 0.34 A 
R R 


-.niipiyn naayn tik Num popnn oii3 Tiitya 


= 1290.6 n 


... R > z - R = ^ 45 -- 

C0S ( < P) =2 _> costø) 0.5 

:Nin )>apn avn 

z te l R » + x^ ~* X c = VZ* - R 2 = Vl290 2 - 645.3 2 = 1117 0 

C = -i-2.85 /iF 

2 *-f-X c 


:Min ina>pn 


:paonn nnoun nnon tin nhoi a 


P = I-U-cos(ø) V = 


75 


I-cos(^) 0.34-0.5 


= 441.18 V 


:Nin vymn ’b!ran poonn 

P' = I eff 2 (R + R L ) = 0.34 2 -(645.3 + 10) = 75.75 W 


:Nin vnnn poonn 0113 


P' 


=5lSni = 0 - 505 


:N>n nvinn naayn 


T _ R+ gk = 645.3J_10 = 1297 . 6 ft 
x costø') 0.505 


X L = J 


:Nin iv^on 33>n 

X L 


= |Z' 2 - (R + Rl) 2 = 1125 7 u L = ^ = 3 58 H 


tg(0 = 


X L _ 1125.7 

R L + R 10 + 645.3 


:Nin yoinn vnon .3 
1.718 -> <t> = 104 rad 


:Nin !v!ron ai’n .n 14*29 


Z L = 


Il = . 


Rl 2 + X L 2 = Jio 2 + (100-100-10- 3 ) 2 = 14.14 n 

:Nin y’^oa ’a’c 
= 14.14 A II eff = 


:Nin ini?03 >a’\?poNn oitn 

I 14.14 


Z L 14.14 


V2 V2 

:Nin 1313 u'vpoNn Oifn .a 


10 A 


U 200 


:N»n Wtn oi*tii nnnn pa yamn n’iit .> 

t 8 W L )-^-|§.l 

: n/4 =3 0*1*71 J 1 N onp« t>Poa 7171071 

I L = 14.14*sm|l OOt - ij 

:p> ,o*ifni nnnn pi yam vmon yn *r«a .t 
I = 4-sin(100it) 


I = 


:o>»i*n 'yv nropnn 5ip\i>7i Kin PPn >a'\?paN7i oitn .1 
[Ir + II, •cos(45 0 )] 2 + [I L •sin(45 0 )] 2 = 17.2 a) 


tg(ø) = 


JfrJ't ■> *■>/ -* 

1 

Xl 




] 


R + R L 


:N’n ^ivoti !ro vainn mi* .1 

R + Ri 

- = 6 -> <5 = 1.4 rad 


X L = 2jr-f-L == 62.83 fl 

Il = = 2 49 A 

Z L 


:N171 5P1771 3>>H .N 
~ J x l 2 + R 2 = 80.3 ft 
:N171 >PD3 01*71 


X r = —L_ = 31.83 ft ;N1n ^ 33>n 3 

2nf-C 

I C = JL = 6.28 A i>3pa 01*71 

A c 

1 :o>Kntn pa yD'ian vnsn nK nseu .a 

tgtø') = ^r- = ^ = 0.796 f = 0.67 rad 
J_ X L 

R L 

:Kin ^dd cntn 

P = (I C - I L -sintø')) 2 + (I L *cos(^)) 2 
I = 5.11 A 


14.30 
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:K>n ijjyon 'yv yoian jvm .1 


tg<*) = 


I C - I L -sin(^) 
I L -cos(^) 


2.43 -> 


1.18 rad 


Zl _ U- ^59. = 200 n :N>n ntnpwn naayn .k 

L I 1 

:Nin Mon avn 

z L * = x L * + r l * x L = JZ L * - R L * = 87.18 n 

:N>n i»Pon nwwn 

Xt 

L = —=■ = 0.29 H 
u 

:Min tnpn OPivoan ontn) rvnrm *0 aso mre pvan 

C = -Ir- = 4-1Q- 6 F = 4 /tF 
w 2 L 

U = I-Xp = 261.5 V :Nin nt asoa 5apn l>y nnon .a 
niw i»ynn i'w yoion n>VK nunn asoa .s 


x c = 


wC 


= 16.67 n 


:Nin i>apn avn .h 


:N'n n»ni !?apn Pv nPipvn naayn 


Z c = Jx c 2 + R c * = 19.44 n 

:Nin navr ontn 

l r = = 10.29 A 

^ Z C 


lR = 


u 

FL 


200 

100 


= 2 A 


tm ontn .2 


1 

tg«) - ^ 2 L - 0.6 

R 


:Nin voinn vinon 

-> <j> ~ 0.54 rad 


14*31 


14*32 
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:Kin ^27) D'ifn 


I 2 = [I c -sin(Ø')] 2 + [I R + I c ■cos(^)] 5 
I == 12.05 A 

:n>d n^ipvyn naayn .1 



Il 


110 

20 


= 5.5 A 


:Nin ^V 2 Oltn .N 14*33 


:in/2 vom vnsn \y>) wn o-'in 


I = JI L 2 + I R 2 = 11 A 
I R = 9.53 A 


:Kin -tm min 


R - -y- = 11.55 n 


:N>n ivr\ jm)inn 


I = I L - I C 
2.25 - 5.5 - I r 
I c = 2.25 A 

Xr = ~~ = 48.9 n 

^ ic 


:nvnwax ’rrø mo»»p .i 

I = I C ~ J L 

2.25 = I C - 5.5 
I c = 7.75 A 

14.19 n 


C =---= 1.33-10-* F = 133 /xF ; 4.581Q- 4 F = 458 /iF 

2 jrf •X C 


1 

X T „ :Nin -nm 7>7t>n pa yimn vman .> 

tgtø) = ~~ == = 0.5775 -> <f> = 0.523 = J 

R 

i>nn Nin cntrvt nnnn va ysinn \>nDn Wtn inp pn \y> nwro 

. n/2 


:Nin Wt? tn nnnni o-itn pa iidibti «nan .x 14.34 
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X L ± 2irf-L 1 


Xr 2rf-L, 


= 0.0628 -> 4> 1 = 0.0627 rad ; tg(ø 2 ) = 0.1256 -> ø 2 = 0.125 rad 

:Nin o’Won ya yaion vnan 

A <t> = 0.0622 rad 

:Nin t>a nnnm oan ya yainn \!nan .a 
tg(^> = ^7 = 15 - 92 _> = 15 rad 

tgtø.) = = 7.96 -> * 2 = 1-44 rad 

L z :kiti ya yainn vnon 

= -0.0622 rad 


T U 200 _ 2 * 

x r = r ioo 

X„ = _y_ = 200-2-1T-50 100 10- 6 = 6.28 A 
L X C 


:N1D 7533 Oltn .N 14.35 
:Kin yapa oan 


U _ 


200 


Z]L ko 1 + (2X-50-50-10- 1 ) 2 

N 


:NV1 P’3oa D7171 

= 3.81 A 


tg (<£) = 


J :K171 753a tntm ^i>t?a oan ya yavan waon 

X L _ _ 50 -_ j ig -> ø = 1.27 rad 

1 X L 2JT-50-50-10- 3 


R 


:Kin ’^an oan 


I = [p R + I L -costø)]* + [I C - IiT-sintø)] 2 = 4.11 A 

^ ^ :Nn niapvyn naayn .a 

z = u = 200_ = 48 7 n 

I 4.11 ;N > n ^von 5\y yo3»7i -5 

tg(<n .= _P ~ lL ' C ° S i^ =0.91 -> 4 > = 0-74 rad 
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